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1.0 SUMMARY 

The Apollo spacecraf t  mission A - 1 0 2  was successT'ully accomplished 

i n t o  e a r t h  o r b i t  from com?lex 37B of 

'3n September 18, 1964. The unmanned b o i l e r p l a t e  spacecraf t  (BP-13) was 

launched a t  11:22:43 a . m .  e . s . t .  
the Eastern T e s t  Range, Cape Kennedy, F lor ida ,  by t h e  Saturn I Block I1 
vehic le ,  SA-7. 

a 

The purpose of t h e  t es t  was t o  demonstrate the  c m , p s t i b i l i t y  of t he  
spacecraf t  with the  launch vehicle ,  t o  determine the  lziunch and e x i t  
environmental parametc-rs f o r  design v e r i f i c a t i o n ,  and t o  demonstrate 
the  a l t e r n a t e  mode of escape-tower j e t t i s o n ,  u t i l i z i n g  the  launch-escape 
and pi tch-control  motors. 

A l l  mission tes t  objec t ives  were f u l f i l l e d  by the  time of o r b i t a l  
i n se r t ion ,  and add i t iona l  data were obtained by te lemetry through t h e  
Manned Space F l i g h t  Network u n t i l  the  end of e f f e c t i v e  b a t t e r y  l i f e  
during the fou r th  o r b i t a l  pass. Radar s k i n  t racking  was continued by 
the  nztwork un t i l  the spacecraf t  reentered over t he  Indian Ocean d w i q  
its 59th o r b i t a l  pass. 

During t h e  countdown, the re  were no holds caused by the  spacecrst't. 
A l l  spacecraf t  subsystems f u l f i l l e d  t h e i r  spec i f ied  funct ions throughodt 
t he  countdown and the  planned f l i g h t - t e s t  period. Engineering da ta  
were received thrcnqh te lemetry from a l l  b u t  two or' the  instrumented 
spacecraf t  measurements f o r  the  f u l l  f l i g h t - t e s t  period of  the mission. 

The a c t u z l  t r a j e c t o r y  a t  time of S-I s tage cu tof f  was s l i g h t l y '  
higher than planned i n  ve loc i ty ,  a l t i . tude ,  and f l i gh t -pa th  angle.  A t  
S-IV s tage cu to f f ,  a l t i t u d e  was s l i g h t l y  lower and ve loc i ty  was  s l i g h t l y  
higher  than planned, which r e su l t ed  i n  a more e l l i p t i c a l  o r b i t  than  
pi.anne$i. 

The instrumentation subsystem was successfu l  i n  determining t h e  
launch and e x i t  environment, and te lemetry recept ion of t he  da t a  was 
continuous through launch and e x i t  except f o r  a sho r t  Deriod during 
vehic le  s taging.  

The launch-h?ating environment of t he  BP-15 spacecraf t  was  s imi l a r  
t o  t h a t  encounterzd by the  BP-13 spacecraf t .  
for t he  two f l i g h t s  were approximately equal ;  however, t he  inf luence of 
surface i r r e g u l a r i t i e s ,  as w e l l  as circumferent ia l  va r i a t ions  i n  heat ing,  

Unless spec i f ied  otherwise a l l  times shuwn i n  t h i s  repor t  are taken 

Peak values a t  most po in ts  

a 
from the i n s t a n t  of vehicle  l i f t - o f f  (launch vehicle  ITJ umbilical  d i s -  
connect a t  11: 22: 43 a . m .  e. s. t .  ). 
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was somewhat d i f f e r e n t  for the  two f l i g h t s  because of d i f fe rences  i n  
t r a j e c t o r y  and angle  of a t t a c k .  
ra tes  were wi th in  the predicted range. The hea t -pro tec t ion  equipment 
on the  launch-escape subsystem (LES) was subjected t o  temperatures 
much lmr than  the  design l i m i t s  which were e s t ab l i shed  on t h e  basis 
of an aborted mission. 

Both command and serv ice  module hea t ing  

The launch-escape-tower j e t t i s o n  by the a l t e r n a t e  mode was success- 
Pos i t i ve  i g n i t i o n  of t he  pi tch-control  motor could not be deter-  f u l .  

mined; however, the genera l  t r a j e c t o r y  ind ica ted  t h a t  it operated 
properly. 
motor, c a r r i e d  t h e  tower s t ruc tu re  safely out of the  path of the  space- 
c r a f t .  

The launch-escape motor, toge ther  with the  p i tch-cont ro l  

A l l  s t ra in-gage,  pressure,  and accelerometer measurements ind ica ted  
tha t  the  spacecraf t  performed s a t i s f a c t o r i l y  i n  t h e  launch environment. 
Command-module conical-  surface s t a t i c  pressures  correlated c l o s e l y  with 
wind-tunnel data, and the  product of angle of a t t a c k  and dynamic pressure 
(as) d i d  not exceed 1,000 (deg)( lb/sq f t ) .  The venting system of t he  
serv ice  m o d u l e  performed as expected. The command-module i n s t r m e n t a c i o n  
compartment d i f f e r e n t i a l  pressure reached a maximum o f  13.3 ps i ,  bu t  
vented r a p i d l y  af ter  launch-escape subsystem separat ion.  

A 1.8g, peak-to-peak, 10-cps v ib ra t ion  was noted during holddown. 
Other v i b r a t i o n  modes were similar t o  those experienced during the BP-13 
spacecraf t  f l i g h t .  One of t h e  simulated reaction-control-subsystem quad 
assembiies w a s  instrumented f o r  v ib ra t ion  on t h e  BP-15 spacecraf t  f l i g h t .  
The measured v ib ra t ion  levels were above t h e  design l i m i t .  

The s t r a i n  measurements i n  the  c m a n d  module and se rv ice  module 
ind ica ted  t h a t  a l l  bending moments were wi th in  the  design l i m i t s .  

Of' t h e  133 measurements t ransmi t ted  by telemetry from t h e  space- 
raft, 131 produced continuous da ta .  

The ground-support equipment performed s a t i s f a c t o r i l y  during pre- 
launch and countdown operat  ions.  
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2 . 0  INTRODUCTION 

i 

c 

Apollo mission A-102 was t h e  second f l i g h t  of an A p ~ ~ l l o  spacecraf t  
_ ' . ;f iguration with a Saturn launch vehicle .  The unmanned f l i g h t - t e s t  

vehicle  consis ted OT' t h e  b c i l e r p l a t e  15 (BP-15) spsc- e c r a f t  and the  
SA-7 Saturn I Block I1 launch vehicle .  The space vehic le ,  shown i n  
f igu re  2.0-1, was launched fram Cmplex 37B of t h e  Eastern Test Range, 
Cape Kennedy, F lor ida ,  on September 18, 1964, a t  11:22:43 a . m .  e . s . t .  

The BP-15 spacecra t t  w a s  t he  second of two b o i l e r p l a t e  spacecraf t  
(see t a b l e  2.0-1) planned t o  be used i n  demonstrating t h e  compat ib i l i ty  
or' the  Apollo spacecraf t  configurat ion with t h e  Saturn I Block I1 launch 
vehicle  i n  a launch and e x i t  environment using t r a j e c t o r i e s  similar t o  
those expected f o r  fu tu re  Apollo-Saturn V o r b i t a l  f l i g h t s  with production 
spacecraf t .  The f irst  of t h i s  s e r i e s ,  t h e  BP-13 spscec ra l t ,  w a s  success- 
f u l ? y  launched on May 28, 1964 (ref.  1). 

The spacecraf t  f l i g h t  configurat ion consis ted of a prototype launcb- 
escspe subsystem (LES), b o i l e r p l a t e  command module (CM), b o i l e r p l a t e  
se rv ice  module (a), and inser t .  and adapter.  Boi le rp la te  f l i g h t - t e s t  
sDacecraft  are developmental vehic les  which simulate production space- 
c r a f t  only i n  ex te rna l  s ize ,  shape, and mass c h a r a c t e r i s t i c s .  

Boi le rp la te  f l i g h t - t e s t  spscecraf t  are equipped with instrumenta- 
t i m  t o  obta in  f l i g h t - t e s t  da t a  f o r  engineering ana lys i s  and evaluat ion.  
These da t a  are used t o  confirm o r  modify t h e  design c r i t e r i a  f o r  t h e  
production spacecraf t .  

The f l i g h t  sequence of major evsnts  during the  f l i g h t  of the  BP-13 
s p a c e c r a f t  i n t o  orbit i s  g i v e n  i n  f i g u r e  2.0-2. S p a c e c r a f t  s e p a r a t i o n  
from the  launch vehic le  was not planned f o r  t h i s  fl!'.ght; therefore ,  t he  
second s tage  ( S - I V )  and instrument uni t  (IU) of the  launch vehicle ,  t c -  
get,her with t h e  at tached spacecraf t  (without the  LFS which was j e t t i -  
soned), were inser ted  i n t o  o r b i t  as a single uni t .  
v i s ions  or plans f o r  recovery of the  spacecraf t .  

There were no pro- 

The f l i g h t  tes t  of the BP-15 spacecraf t  included the  following 
f e a t u r e s  not  included i n  the  f l i g h t  t e s t  of t he  BP-l3 s p c e c r a f t :  

(1) The i n s t a l l a t i o n  of instruments on one of the  simulated 
reaction-control-subsystem quadrants on the  SM f o r  launch and e x i t  
temperature and v ib ra t ion  s tud ie s .  

( 2 )  The demonstration of the  a l t e r n a t e  mode ot' LES j e t t i s o n ,  using 
t h e  lamch-escape motor and pi tch-control  motor. instead o f  using t h e  
Cower-jett ison motor, as i n  t,he normal mode of j e t t i s o n .  
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The f i r s t - o r d e r  t e s t  ob jec t ives  f o r  the  ove ra l l  mission appl ied 
t o  the  launch vehic le  only, with t h e  exception of v e r i f i c a t i o n  of 
compat ib i l i ty  of the  spacecraf t  with the  launch vehic le  under p r e f l i g h t  
and f l i g h t  condi t ions.  

The t e s t  ob jec t ives  which appl ied only t o  the  Apollo BP-15 space- 
craft were as follows: 

(1) Determine the  launch and e x i t  environmental parameters t o  
v e r i f y  design c r i t e r i a  

( 2 )  Demonstrate t he  a l t e r n a t e  mode of spacecraf t  U S  j e t t i s o n  
u t i l i z i n g  the  launch-escape motor and p i tch-cont ro l  motor. 
j e c t i v e s  were s a t i s f a c t o r i l y  f u l f i l l e d .  

These ob- 

An eva lua t ion  of the f l i g h t  data has been made, and the  r e s u l t s  
of the evaluation are presented in this report .  

9 
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Mission 

A-001 

A-002 

A- 101 

A-102 

UNCLASSIFIED 

TABLE 2.0-1. - APOLLO SPACECRAFT FLIGHT HISTORY 

Spacecraft 

BP-6 

BP- 12 

BP-13 

BP-15 

Description 

F i r s t  pad abort  

High q abort  

Nominal launch and 
e x i t  environment 

Nominal launch and 
e x i t  environment 

Launch da te  

11-7-63 

5-13-54 

5-28-64 

9- 18-64 

2-3 

Launch s i t e  

White Sands 
Missile Range, 
JT. Mex. 

White Sands 
Missile Range, 
N. Mex. 

Cape Kennedy, 
Florida 

Cape Kennedy, 
Flor ida 

1, li 
UNCLASSIFIED 
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Figure 2.0-1 .- Saturn-Apolfo space vehicle for mission A-102 at lift-off. 

WN CLASSIFIED 



c 2-5 

120 

100 

80 In 
0, 

E 
m 
0 
Y 
3 

- .- 
- 
.- 
2 60 

a 
. aJ 
0 

.- 
U - a 

40 

20 

0 

Config- g.e.t. time, sec 
Event uration Planned Actual 

1. Saturn S-l lift-off 

2. Saturn S - 1  shutdown 

Inboard engines 

Outboard engines 

3. Separation 
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Figure 2.0-2.- Sequence of major events for Apollo mission A-102. 



3.0  FLIGHT TRAJECTORIES 

Radars used 

FPS-16 

Azusa and ns-16 a 

a FPQ-6 and ~ps-16 

FPQ-6 

1 

g . e . t . ,  min:sec 

o:oo t o  0:31 

0:31 t o  6:O5 

6:  05 t o  8:22 

8: 22 t o  11: 04 

The t r a j e c t o r i e s  r e fe r r ed  t o  as "planned" were pref l igh t -ca lcu la ted  
nominal t r a j e c t o r i e s  suppled by Marshall Space F l i g h t  Center (MSFC), and 
the  t r a j e c t o r i e s  yeferred t o  as  "actual"  were based on the  Manned Spzce 
F l igh t  Network t racking  da ta .  For both the  planned and a c t u a l  t r a j e c -  
t o r i e s ,  the 1963 revised Pa t r i ck  atmosphere was used below 25 nau t i ca l  
miles  and t h e  1962 U.S. Standard Model Atmosphere was used above 
25 nau t i ca l  miles, except that the  measured atmosphere a t  t h e  t i m e  of 
l i f t - o f f  was used f o r  the a c t u a l  t r a j e c t o r y  up t o  18.6 n a u t i c a l  miles. 
The e a r t h  model used was t h e  Fischer  El l ipso id .  The ground t r ack  f o r  
the f i r s t  th ree  o r b i t a l  passes of the Apollo mission A - 1 0 2  i s  presented 
i n  f igu re  3.0-1. 
three o r b i t a l  passes, presented i n  f igu re  3.0-2, shows t h a t  the  a c t u a l  
p r a f i l e  was c lose  t o  the  nominal. 

The a l t i tude- longi tude  p ro f i l e  f o r  t he  launch and 

A comparison of the a c t u a l  and planned mission event times f o r  t h e  
launch phase i s  given i n  t a b l e  3.0-1. It can be seen from the  table 
t h a t  the  a c t u a l  S-I  cu to f f  sequence was approximately 0.7 second later 
than planned, and the a c t u a l  S - IV  cutoff  was approximately 2 . 0  seconds 
l a t e r  than  planned. 

The a c t u a l  launch t r a j e c t o r y  shown i n  f igu re  3.0-3 was based on the 

The data from 
real-time data output of the Range Safe ty  Impact Predic tor  Computer 
(IP-7094) which used ~ 3 - 1 6 ,  Azusa, and the  FTQ-6 radars. 
these  t racking  f a c i l i t i e s  were used during t h e  t i m e  periods l i s t e d  i n  
t h e  following table.  

The a c t u a l  launch t r a j e c t o r y  i s  compared with the planned launch 
It can be seen from t h i s  figure that t h e  t r a j e c t o r y  i n  figure 5.0-3. 
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a c t u a l  launch t r a j e c t o r y  d id  provide the  launch environment planned 
for t h i s  mission. A t  S-I s tage cu tof f ,  t h e  a c t u a l  t r a j e c t o r y  param- 
e t e r s  were approximately 198 fee t  per  second high i n  i n e r t i a l  ve loc i ty ,  

1" 6,400 feet  high i n  a l t i t u d e ,  and approximately - high  i n  f l i gh t -pa th  2 
angle.  
angle drop below t h e  planned a t  approximately T+5 minutes, and remain 
below u n t i l  j u s t  before cu tof f .  A t  S-IV cu to f f ,  t h e  v e l o c i t y  w a s  
3.5 feet  per second g rea t e r ,  the  f l i gh t -pa th  angle w a s  O.OO23" less, 
and the  a l t i t u d e  was 1,704 feet  less than planned, r e s u l t i n g  i n  a more 
e l l i p t i c a l  o r b i t .  
lower and the  apogee was approximately 4 n a u t i c a l  miles higher  than 
planned. 

During t h e  S-IV burning, t h e  i n e r t i a l  v e l o c i t y  and f l i gh t -pa th  

The perigee was approximately 0.2 n a u t i c a l  m i l e  

The o r b i t a l  por t ion  of t he  t r a j e c t o r y  is shown i n  f i g u r e  3.0-4. 
The planned o r b i t a l  t r a j e c t o r y  was obtained using the  nominal i n s e r t i o n  
condi t ions,  suppl ied by MSFC, and in t eg ra t ing  forward f o r  three o r b i t a l  
psses .  
the  o r b i t a l  position and v e l o c i t y  vec tor  obtained during t he  first pass 
over White Sands Missile Range (WSMR). This vector  w a s  determined fron 
the  Manned Space F l igh t  Network t racking  da ta  using the Goddard computer. 
The WSMR vector  was  in tegra ted  backward along t h e  f l i g h t  t r a j e c t o r y  t o  
o r b i t a l  i n s e r t i o n  (defined as S-IV cutoff  p lus  10 seconds) and forward 
f o r  three o r b i t a l  passes. These in t eg ra t ed  values  were i n  good agree- 
ment wi th  t h e  pos i t i on  and ve loc i ty  vec tors  determined by t h e  Goddard 
computer f o r  passes  near P re to r i a ,  South Afr ica;  Carnarvon, Aus t r a l i a ;  
and Poin t  Arguello, Cal i fornia ,  during the  f i r s t  p s s .  The i n e r t i a l  
v e l o c i t i e s  repor ted  by these  s t a t i o n s  agreed wi th in  5.5 f t / s e c ,  and the  
f l i gh t -pa th  angle  wi th in  0.015". Thus the  v a l i d i t y  of t he  in t eg ra t ed  
o r b i t a l  por t ion  of t he  f l i g h t  t r a j e c t o r y  was es tab l i shed .  It can be 
seen i n  figure 3.0-4 t h a t  t h e  a c t u a l  o r b i t a l  f l i g h t  t r a j e c t o r y  w a s  i n  
very c lose  agreement with the  planned. 

The a c t u a l  o r b i t a l  p w t i o n  of t he  t r a j e c t o r y  w a s  der ived from 

A comparison of the a c t u a l  and planned t r a j e c t o r y  parameters i s  
given i n  table 3.0-11. 
d i t i o n s  and o r b i t a l  parameters were i n  good agreement with those 
planned. 
o r b i t a l  configurat ion,  cons is t ing  of the  BP-15 spacecraf t ,  t h e  in s t ru -  
ment u n i t ,  and the  %turn S-IV stage,  was ca lcu la ted  t o  be 53 o r b i t a l  
passes, based on l i f e t i m e  drag c h a r a c t e r i s t i c s  obtained from SA-6 da ta .  
The a c t u a l  r e e n t r y  3f t h e  o r b i t a l  configurat ion i n t o  the  Indian Ocean 
was rzported during the  59th o r b i t a l  pass. 

The t ab le  shows t h a t  t he  a c t u a l  i n s e r t i o n  con- 

Using t h e  WSMFi v e l o c i t y  vector ,  t h e  est imated lifetime of t h e  

A comparison of t he  t r a j e c t o r i e s  of t h e  BP-13 and BP-15 spacecraf t  
ind ica tes  t h a t  SA-6 had a higher  ve loc i ty  through max 
SA-7 a t t a i n e d  t h e  higher  ve loc i ty  s h o r t l y  before  S-I engin2 8 cut-off 
f o r  an overall faster t r a j e c t o r y t h a n  SA-6. 

q and t h a t  

e 
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A complete detai led analysis of the f l i g h t  trajectory of the launch 
vehicle is presented in reference 7.  

a 
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TABLE 3.0-1.- MISSION IWENT TIMES 

on l i f t - o f f  s igna l  as determined by launch-vehicle 
TIT umbil ical  disconnect a t  11:22:43.26 a.m.  e . s , t .  1 c .J 

Event 

L i f t -  o f f  

T i l t  arrest 

IECO 

OECO 

Ullage rocke ts  i g n i t i o n  

Separation of $1 a.nd S - I V  

S I V  i g n i t i o n  

Ullage rocket  j e t t i s o n  

Launch-escape-tower j e t t i s o n  

s - I V  cutoff  

Planned, 
s ec 

0 

136.3 

140.7 

146.7 
147.4 

147.5 

149.2 

159 5 

159 5 

619. .1 

Actual, 
s ec 

0 

136 3 

141.3 

147.4 
148.1 

148.2 

149 9 
160.2 

160.2 

621.1 

Difference, 
s ec 

0 

0 

.6 

. 7  

.7 

.7 

.7 

.7 

-7 
2.0 
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Condition Planned Actual 

TABLE 3.0-11. - COMPARISON OF SA-7 PLANNED AND ACTUAL 

TRAJECTORY PARAMETERS - Concluded 

Difference 

Perigee a l t i t u d e ,  s t a t u t e  miles . . . .  
Perigee a l t i t u d e ,  nau t i ca l  miles . . .  
Apogee a l t i t u d e ,  s t a t u t e  miles . . . .  
Apogee a l t i t u d e ,  n a u t i c a l  m i l e s  . - . 
Period, min . . . . . . . . . . . . . .  
Inc l ina t ion  angle ,  deg . . . . . . . .  

115.17 

100.08 

136.75 

118.83 

88.58 

31.76 

kximum conditions 
~~ 

Al t i tude ,  s t a t u t e  miles . . . . . . . .  
Al t i tude ,  n a u t i c a l  miles . . . . . . .  
Space-fixed v e l o c i t y ,  f t / s e c  . . . . .  
Earth-fixed ve loc i ty ,  f t / s e c  . . . . .  
E x i t  a cce l e ra t ion ,  g . . . . . . . . .  
E x i t  dynamic pressure,  lb/sq f t  . . . .  
Lifetime, revolut ions . . . . . . . . .  

136.75 

118.83 

25,615.04 

24,287.75 

5.80 

720. o 

53 

114.85 - 0.32 

140.82 

122.37 

88.64 

31.75 

3.54 

0.06 

- 0.01 

140.82 

122.37 

25,623.54 

24,296.21 

5.88 

749.6 

59 

4.07 

3.54 

8.50 

8.46 

0.08 

29.6 

6 
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4.0 SPACECRAFT DESCRIPTION AND PERFON!@JCF 

4.1 Spacecraft Description 

c 

The Apollo boilerplate 13 (BP-15) spacecraft was composed of four 
major assemblies : 
(CM), the service module (SM), and the insert and zdapteih. 
assemblies were similar in external configuration to the producLion 
Apollo spacecraft. 
are shown in figure 4.1-1. 
in the spacecraft is given in figures 4.1-2 and 4.1-3. 
tem for orientation sild motion is given in figure 4.8-7. 

the launch-escape subsystem (LES),  the corrsnand module 
These m j o r  

The major assemblies and exterior dimensions of each 
The reference axes system f o r  locations with- 

The MSC axes sys- 

The launch-escape subsystem (LES) i.s shown in figL1re it.1-4. The 
truss-type tower structure was a welded titanium tutukr frame, and the 
exposed surfaces were covered with silica-filled Buna-N rubber for ther- 
m a l  insulation. 
command module by an explosive bolt. A OLructural skirt was mounted be- 
tween the top of the tower structure and the launch-esiape motcr. The 
bolt attachments at the interface between the tower and the skirt pro- 
vided LES alinement capability. Two sequencers which forwarded a firing 
signal to the L9S pyrotechnics were attached to the underside of the 
skirt . 

Each of the four legs of the LES was at,tached to the 

The LES motors f o r  pitch control, tower jettison, and launch escape 
were live. However, there were no initiators instaiied in the jettison 
motor, and the wiring circuit from the sequencers to this motor was pur- 
posely not completed EO as to simulate a jettison-motor failure. The 
alternate mode of toh-rr jettison (by firing only the launch-escape and 
pitch-control mctors) was used. 

A conical section of welded Inconel sheet was rnomted to the for- 
ward end of the pitch-control-motor housing. 
183 pounds of sheet lead ballast to provide the proper LES mass charac- 
teristics. The ballast enclosure also provided the Iriterface plane f o r  
mounting the &-ball assembly. The performance of tb t :  LES is described 
in sections 4.5 and 4.6. 

The section contained 

The command module was conical with a convex base snd rounded apex. 
The apex consisted of a fiber-glass radome containing the VHF telemetry 
omniantenna. (See fig. 4.4-2.) The CM sides were semimonocoque alumi- 
num structures terminating in the forward and aft heat shields. The ex- 
terior was covered with cork for protection against aerodynamic heating. 
Section 4.10 presents a description of the cork insulation configuration. 
The inner side walls and the top of the cabin were insulated with a 
quilted glass-fiber material. The major components of the subsystems 
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were mounted on shelves  and brackets  loca ted  along por t ions  of t he  
inner  w a l l  as shown i n  f igu res  4.1-5 and 4.1-6. 

A c y l i n d r i c a l  aluminum s t r u c t u r e  w a s  welded t o  the  forward bulk- 
head of the  CM t o  simulate the  egress tunnel  of the  production space- 
c r a f t .  
P r io r  t o  launch, the  hatch was bol ted  t o  the CM e x t e r i o r  s t r u c t u r e  and 
sea led  with epoxy. 

A main hatch of aluminum a l l o y  provided access t o  the  cabin.  

External protuberances of t he  production spacecraf t  configuration, 
including the  a i r  vent, umbil ical  f a i r i n g ,  simulated SM reaction--control-  
subsystem (RCS) quad assemblies, and two sc imi t a r  antennas, shown i n  
f igu re  4.1-7, were simulated f o r  a b e t t e r  d e f i n i t i o n  of launch environ- 
ment parameters. 

The CM a f t  hea t  s h i e l d  was  similar i n  s i z e  and shape t o  the opera- 
tional heat shield.  It was composed of an inner and outer layer of lam- 
i na t ed  g l a s s  f i b e r  over an aluminum honeycomb core and was a t tached  t o  
the  CM by fou r  adjustable struts. 
used because the  a f t  heat; s h i e l d  w a s  no t  exposed t o  the  launch environ- 
ment and no recovery of t he  spacecraf t  was planned. 

. 

f a i r i n g ,  service-module s t ruc tu re ,  and i n s e r t ,  a l l  of which were bol ted  
toge ther .  The b o i l e r p l a t e  adapter  was bol ted  t o  the i n s e r t .  The SM 
assembly and t h e  i n s e r t ,  shown i n  f igure  4.1-8, were of semimonocoque 
aluminum construct ion.  For f u r t h e r  s t r u c t u r a l  d e t a i l s ,  see  sec t ion  4.7. 

N o  prototype a b l a t i v e  material w a s  

The b o i l e r p l a t e  service-module assembly cons is ted  of the  CM t o  SM 

A pneumatically ac tua ted  umbil ical  assembly was  loca ted  approxi- 
mately 18 inches below the  top of the  SM a t  122" ( f i g .  4.1-2).  
e l e c t r i c a l  power, ground-support-equipment (GSE) s igna ls ,  and coolant 
f l u i d  entered the  spacecraf t  through the  umbil ical  p r i o r  t o  launch. 

External 

Four simulated RCS quad assemblies were a t tached  t o  the  upper por- 
t i o n  of t he  SM ex te r io r ,  90" a p a r t .  
namic c h a r a c t e r i s t i c s  of the  production un i t s ,  t he  simulated u n i t s  were 
similar i n  s i z e  and shape and were arranged on t h e  SM i n  the  same loca- 
t i o n  as they would be found on t h e  production spacecraf t .  The RCS quad 
assembly loca ted  near  the  -Z a x i s  w a s  instrumented t o  provide temperature 
and v ibra t ion  measurements, For f u r t h e r  d e t a i l s  see sec t ion  4.8. 

I n  order t o  dupl ica te  the  aerody- 

I n  addi t ion  t o  the  transducers and assoc ia ted  components and wiring, 
t h e  SM and adapter  contained e l e c t r i c a l  wire harnesses which in t e r f aced  
with the  launch-vehicle instrument u n i t  f o r  the &-ball, tower- je t t ison 
command, and GSE s igna l s  ( f i g .  4.1-8). 

L 
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The spacecraft weight when inserted into orbit was 17.231 pounds; 
the spacecraft weight at lift-off was 23,838 pounds. 
ment from Downey, the total weight of BP-15 spacecraft was reduced by 
1,600 pounds, which made the BP-13 and BP-15 spacecraf\ ballast config- 
urations almost identical. This reduction was ach; eved by removing bal- 
last from the SK and adapter. The BP-15 spacecraft weight was greater 
than that of BF-13 spacecraft by 208 pounds at orbit incertion and 
295 pounds at lift-off. This weight variation was que Lo known struc- 
tural changes and manufacturing variations. 
module weight differences between the BP-13 and BP-15 Spacecraft. The 
final weight was acceptable to Marshall Space Flight Center (MSFC). 
Actual weights for the command module, service module, and SM insert 
and adapter were individually obtained at Downey. The mted SM, CM, 
and adapter were weighed together at the Eastern Tert Range (ETR) .  The 
actual weight and the location of the longitudinal cen te r  c7f gravity of 
the launch-escape subsystem were obtained at tte NASA- Plerritt Island 
Launch Area (MILA). 
until launch, and the actual weight and center-of-gravity data were ad- 
justed. 
The weights shown in this table incl-ude ballast weight; of 2,014 pounds 
i n  the CM, 245 pounds in the adapter, and 183 pounds in the L5S. 

Priclr to ship- 

Table 4.1-1 shows major 

Weight changes to the spacecraft were then moni torcd 

The resultant mass characteristics are shown in table 4.1-11. 
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TABLE 4.1-1.- WEIGHT COMPARISON OF BP-13 and BP-15 SPACECRAFT 

Cormnand module 

Service module 

SM i n s e r t  and adapter  

Tota l  spacecraf t  i n  o r b i t  

LES 

Tota l  spacecraf t  a t  launch 

Weight, lb 

BP-13 I BP-15 

9,300 

4,172 

A 2 2  

17,023 

6,520 

23,543 

9,477 

4,149 

31605 
17,231 

6,601 

23,838 

Difference 

177 

-23 

54 
208 

- 87 ' 

295 
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A 

760" 

t I\ 
t 

Q-ball 

Pitch-control 
motor ( l i ve )  

\Je t t i son  motor 
( l i ve )  

1 
Launch 
escape 
subsystem 
399.7" Launch-escape 

motor ( l i ve )  

VHF antenna radome 

Command 

fai ri ng I I 

Z- 

Figure 4.1-1.- Apollo B P - 1 5  spacecraft. 
L 
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t 
Both views looking af t  

F in  i l l  
3-2 
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Quad I l l  
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00 

Quad IV Quad I 

-Z 
Fin I 

Total space vehicle 
component I ocati ons 
(MSC and MSFC) 

t 
-y 2700-@-900 +Y 

I 
180' 
-Z 

Spacecraft i nstrurnentat i on 
locations (MSC only) 

Figure 4.1-2.- Y- and Z-axes and angular coordinate system used for 
designating locations within the BP-15 spacecraft. 
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Q-bal I 
assetnb I y Ballast enclosure 

/ 

Tower jettison 

----- motor ( I  ive) 

Launch-escape 
motor ( l ive) \ 

Launch-escape 
tower - 

Tower explosive 
bolts 

Pi tc h-c on t ro I 
/’ motor ( l ive) 

7 Tower 
sequencers 

Structural 
skirt 

-Y +zx+y -Z  

Figure 4.1-4.- Launch escape subsystem for BP-15 spacecraft. 
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- R & D VHF omniantenna 
and radome 

Forward 

LES tower leg well 

Aft comparttnent equipm 
access door (4 places) 

X 

-Z 
Figure 4.1-7.- Command module exterior of BP-15 spacecraft. 
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8 

C -band 
antennas Longerons 

- /  C M  to SM 
connectors 

Un i ns tru mented 
~~~ 

GSE umbilical 
(cover re moved 
to show 
connectors) 

Instrumented 
simulated RCS 
quad assembly 
(1 place) 

simulated RCS 
quad assembly 
( 3  places) 

SM to 
insert ib 

Service module 

I 
connectors ,I 

Ring frame 
(30 places) 
Longerons 
(6 places) 

Insert 

Adapter 

Stringers 

Adapter to 

f (28 places) 

I U connectors 
I 

-Y -Z A i  r c ond i ti on i ng 
barrier 

Figure 4.1-8.- Cutaway view of BP-15 spacecraft 
service module, insert, and adapter. 
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4.2 Instrumentation 
J 

Description.- The instrumentation subsystem provided conditioned 
analog signals which indicated the launch and exit environment of the 
BP-15 spacecraft to the communications subsystem. 
tation was supplied to satisfj measurement requirements in the following 
areas: acceleration, acoustics, vibration, pressure, temperature, heat 
flux, strain, frequency, voltage, current, and discrete events. 

Specific instrumen- 

The block diagram in figure 4.2-1 shows both the instrumentation 
subsystem and the communications subsystem. Table 4.2-1 presents a 
summary of the measurement requirements for the Apollo mission A-102. 
Table 4.2-11 lists the flight equipment used to obtain the required 
measurements, and table 8.1-1 is a detailed list of the individual meas- 
urements on board the spacecraft. The location of the major instrumen- 
tation components within the command module are shown in figures 4.1-5 
and 4.1-6. The locations of most of the transducers are shown in fig- 
ures 4.2-2 to 4.2-7. 

Also included in table 8.1-1 are the ground-support- equipment ( GSE) 
measurements and the transducer outputs which monitored angle of attack, 
angle of sideslip, and dynamic ram pressure from the &-ball system fur- 
nished by the NASA-MSFC. The six Q-ball outputs, two radial vibration 
measurements, and one acoustic microphone output were routed to the 
launch-vehicle instrumentation unit and conditioned for launch-vehicle 
telemetry. 

All of the measurements monitored on the BP-15 spacecraft required 
some type of conditioning before they reached the modulation section. 
The instrumentation subsystem included two signal conditioning boxes, 
one low-level (0 to 10 mv) and one high-level (0 to 5 v). 

The heat flux and temperature low-level signals were conditioned 
in the temperature signal conditioning box. 
to the low-level 90 x 1~ commutator and were sequentially sampled at 

1.25 times per second. The signal conditioning box a lso  provided 0, 

5 mv, and 10 mv d-c reference voltages to the 90 x 12;: commutator to 

enable accurate data reduction of the low-level system. 

These signals were routed 
1 

1 

Amplification of the low-level signals was provided in order to 
give an output PAM wavetrain varying between 0 and 5 v d-c. 

The high-level signals requiring conditioning were fed to the main 
conditioning box. This box distributed the high-level signals to the 
90 x 10 commutator and to the modulation packages. It also supplied 
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the commutator with 0 and 5 v d-c reference voltages f o r  data reduction 
purposes. 
puts 10 times per second and provided a PAM wavetrain varying between 
0 and 5 v d-c. 

The 90 X 10 commutator sequentially sampled each of its in- 

Both the PAM wavetrains and the continuous signals were fed to the 
modulation section where they frequency modulated their respective volt- 
age controlled oscillators (VCO) . 
three modulation packages designated as A, B, and C. Package A contained 
VCO for IRIG channels 6, 9 to 16, and channel E. 
contained VCO for IRIG channels 6 to 8 and 10 to 18. 
VCO in each modulation package were mixed into two separate video com- 
posite signals by two mixer amplifiers. 
composite output to the GSE for test purposes, and the other supplied 
a composite signal to its associated transmitter in the W package. 

The modulation section consisted of 

Packzges B and C each 
The outputs of the 

One amplifier supplied a 

Configuration changes from B P - 1 3  spacecraft.- Shielding, as shown 
in figure 4.2-8, was added to the cabl.ing between the low-level commu- 
tator and the low-level temperature conditioning box input to eliminate 
the electromagnetic interference (EMI) experienced on the BP-13 space- 
craft. 
the CM hatch removed and was adjacent to the service at.ncture on the 
launch pad. 

This interference was present only when the BP-13 spacecraft hac! 

Strain-gage ranges were changed from 1,000 and 4,OOC pin./in. used 
on BP-13 spacecraft to 500 @n./in. because of the low magnitude of meaE- 
urements experienced during BP-13  spacecraft flight. 

Sixteen temperature measurements and two vibration masurements 
were added to instrument the RCS quad. "he addition of the vibration 
measurements necessitated the deletion of two fluctuating pressure meas- 
urements so that the high-response channels could be used f o r  the vibra- 
tion measurements. 

Performance.- The flight performance of the BP-15 spacecraft i n s t r u -  
mentation subsystem was satisfactory. Of the 133 measurements instru- 
mented on the El?-15 spacecraft, only 2 failed to provide continuous data. 
Calibration of the thermocouple system used in the RCS is to be verified. 

Data were lost f o r  approximately 4 seconds during launch-vehicle 
staging due to flame attenuation from the S-I stage retrorockets. No 
interruption of RF transmission due to launch-escape-motor flame attei- 
uation was noted. Evaluation of the telemetry data received during the 
first orbital pass of the spacecraft indicated that instrumentation was 
operating properly. 
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Temperature measurement SR5877T, loca ted  on the  +pi tch  nozzle o f  
the  instrumented RCS quad ( f i g .  4.8-9) fa i led  t o  show the  expected r i s e  
i n  temperature. 
bandwidth w a s  i nd ica t ed  during countdown and launch. This information 
l e v e l  seen p r i o r  t o  launch appeared t o  be normal f o r  ambient condi t ions.  
During t h e  f l i g h t ,  t h e  reading was incons is ten t  with the  a c t u a l  environ- 
ment determined by o the r  thermocouple measurements i n  the  immediate area. 
This measurement w a s  s a t i s f a c t o r i l y  ca l ib ra t ed  e l e c t r i c a l l y  p r i o r  t o  
launch, bu t  t h i s  was no t  a p o s i t i v e  ind ica t ion  t h a t  t h e  e n t i r e  thermo- 
couple c i r c u i t r y  w a s  f l ightworthy s ince  the  thermocouple was not included 
i n  the  c a l i b r a t i o n  c i r c u i t .  For add i t iona l  details  regarding t h i s  meas- 
urement see  sec t ions  4.8 and 9.2. 

A constant  output  of approximately &-percent information 

. 

Heat-flux measurement SA0553R loca ted  on t h e  SM under t h e  +pi tch 
nozzle of the  instrumented RCS quad ( f i g .  4.2-6) provided quest ionable  
data. Response w a s  normal when t h e  u n i t  w a s  ca l ib ra t ed  approximately 
2 minutes p r i o r  t o  launch which ind ica ted  c i r c u i t  cont inui ty .  Analysis 
of the  data ind ica t ed  t h e  t ransducer  responded t o  e x c i t a t i o n  a t  main- 
stage ignition. There w a s  no fur ther  response f r o m  t h i s  c i r c u i t ,  w h i l e  
t he  corresponding body-temperature measurement SA0563T increased nor- 
mally wi th  aerodynamic hea t ing  during the  f l i g h t .  The exac t  t i m e  o r  
mode of lnalfunction w a s  no t  apparent  from the  f l i g h t  data. For addi- 
t i o n a l  d e t a i l s  regarding t h i s  measurement see  sec t ions  4.11 and 9.3. 
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2 
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LES 
CM 
S M 

TABLE 4.2-1. - MOLL0 MISSION A-I 32 MEASUREMENT REQUIREMENTS SUMMARY , 

8 

I Measurement 

Accelerat ion 

Vibrat ion 

Pressure 

F1 uc tua t  ing 

I pressure 

Acoustic 

S t r a i n  

H e a t  flu 

Temperature 

Quantity I Location 

1 
3 
2 
2 

a 

CM 
SM 

Adapter 
SM-RCS 

1 
1 SM 

2 Adapter 
11 SM 

I SM 
1 a 

Adapter 

SM 
Adapter 

'Adapter 

LES 

_. -- 

Requirement 1 
Determine s t r u c t u r a l  body bending m0C.e 
responses under f l i g h t  loads. 

Determine s t r u c t u r a l  v ibra t ion  mode 
responses under f l i g h t  loads. 

i Determine s t a t i c  aerodynamic loading 
on outs ide conica l  surface.  

Determine f l i g h t  pressure venting 
charac te rbs t ics .  
- I 

Determine aerodynamic loading on ex- 
t e r i o r  sui.I"aces and acous t ica l  
environment. 

Determine e x t e r i o r  acous t ic  l e v e l  
under f l i g h t  environment. 

~ 

Determine s t r u c t u r a l  stresses and 
f l i g h t  loads. 

Determine aerodynamic heat ing rates 
on e x t e r i o r  surfaces.  

Determine calor imeter  body tempera- 
ture f o r  accurate  da ta  reduct ion 
of  heat  f l u .  
-- .~ _______ - 

aerod.ynamic heating. 

Determine i n t e r i o r  temperature withir* 
SM and crew compartment. 

Verify proper heat  t r a n s f e r  from RF 
packages. 

De te rmine  RCS temperatures during 
i'l i ght . 

______ 

~ -- _________ 

c a Transmitted on l a  unch-ve h i  c l e  t e  leme t r y .  

UNCLASSIFIED 



4-18 

A 

2 
0 u 
I 

r i  

4 
H 

I 

H 
I 

(u 

-3- 

UNCLASSIFIED 

U N CLASS I FI  ED 



U N  CLASS IF1 ED 

Component Vendor Model 

TM modulation package k n d i x  TAP-316 
90 x 10 commutator Applied E l e c t r o n i c s  340-23-5 

F i f t h  Dimension LDAl2N-432 1 90 x 1~ commutator 

Main s i g n a l  
cond i t ion ing  box Brown CH-150 

4 -19 

Quantity 

3 
1 

1 

1 

TABL,E 4.2-11. - F L I G I T  EQUIPJIENT FOR BP-15 SPACECRAFT INSTRUI.%NTATION SUBSYSTEM 

Ampl i f i e r  rack 

d-c a m p l i f i e r  

NASA-EEC 1-A 11 

Engineered Magnetics 2000D-1 7 

t 

Vibra t ion  system: 
Accelerometer 
a-c a m p l i f i e r  

P r e s s u r e  system : 
Transducer 
d-c a m l i f i e r  

Temperature s i g n a l  7- cond i t ion ing  box I Microdot 

Endevc o 28191 3 
Endevco 242M5A 3 

3 

Statham PA-288TC-15-350 13 
R x i n e e r e d  Magnetics 2000D-1 13 

Endevco 2633MlOA 

P r e s s u r e  t r ansduce r  

Accelerometer 

S t r a i n  gage 

Res i s t ance  thermometer 

V ib ra t ion  system: 
Accelerometer 
a-c a m p l i f i e r  

V ib ra t ion  system: 
Accelerometer 
a-c amlif ier  

Wiancko I ~2-3236-1 11 

Donner i 4310 7 

Baldwin-Lima-Hamilton EBF-13D 48 
Trans-Sonics 2 1 6 8 ~  9 

2168A-2 8 
2168~-2-12 1 
T 408-2A-2 2 

Endevco 
b d e v c o  
Endevco 

7- 

T h e n o  c oup l e  Co1-t i n e n t a l  TC -6 9 
Sensing TC-6A 3 

Calor imeter  W-Cal C-1123-A-5-012 a 
Hy-Ca l  1 C-1123-A-25-0 12  

Zone box Microdot 401-01.38-1 20  
Rugge d e  F o r r e s t  3878-2 12 

FiicroDhone Gulton 5 OIU04 01 1 
Acoustic system: NASA MSFC 

1 I :  

FCT-601V Emit ter-fol lower 
a-c amplifier Glenn i t e  

~~ 

Endevc o 
Endevco 
Ehdevco 

1 

28191 
2633Ml3 
2242M5A 

2 I :  

I I 

I Q - b a l l  assembly 1 Nortronics  1 r-16 I 1  I 

UNCLASSIFIED 
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1 

2 

Measurement Location 

1 L A O O l l A  X ~ 3 8 0  Y O  Z 6  
2 L A 0 0 1 2 A  X ~ 3 8 0  Y 6  z o  
3 CAOOOlA X c  78 Y O  z 2 1  
4 CA0005A X c  78 Y O  2 2 1  
5 CA0007A X c  78 Y O  z 2 1  
6 SA0003A X ~ 8 6 6  Y O  z 73 
7 SA0004A x ~ 8 6 6  Y O  2 73 

3 

4 

5 

Note: 
Measurement nuiiibers refer t o  
listing in table 8.1-1. 

8 

2700 9 Oo 
-Y +Y 

Far s i d e  
0 Near side 

Figure 4.2-2 .- Locations of Iiiiear acceleration transducers for BP-15 spacecraft. 
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b-J 
Measurement 

SA2120S 
SA212 1s 
AAO 19 8s 
AAO 19 5s 
AA0197S 
AAO 196s 

I 

Location 

X ~ 9 4 0 . 4  62.25' 
X ~ 9 4 0 . 4  77.25' 
XA 736 Y O  Z 76 
X ~ 7 3 6  Y 7 6  ZO 
X ~ 7 3 6  Y 7 6  Z O  
X ~ 7 3 6  Y O  Z 76 

1 

270° 9 Oo 
-Y +Y 

Note: 
Measurement numbers refer to 
l isting i n  table 8.1-1. 

Far s i d e  
0 Near side 

. 
Figure 4.2-3.- Strain-gage locations on BP-15 spacecraft. 
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i Measurement 

1 SA0162P 
2 SA0165P 
3 SA0166P 
4 SA0168P 
5 SA0171P 
6 SA0170P 
7 SA0172P 
8 AA0173P 
9 AA0174P 

10 SA0169P 
11 SA0167P 
12 SA0164P 
13 SA0163Pa 
14 SA2760Y 

27 0' 9 
-Y +Y 

8 

Far s i d e  
0 Near s ide 

/13 
,12 
-1 1 

--lo 

D 
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Locat ion  

329.25' 
277.5' 
215.3O 
187.25O 
277.25O 
316.6' 
277.25O 
183' 
3' 
58.9' 
147.9' 
58.9' 
24.1' 
0' 

a Microphone 
ijote: 

Measurement numbers refer t o  
l i s t i n g  i n  tab le 8.1-1. 

F igure  4.2-4 .- Fluctuating-pressure transducer I x a t i o n s  on BP-15 spacecraft.  

UNCLASSIFIED 
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1\ szyoo 

4 

-Y= 2 7 0'- t 
I 

Measurement 
1 CA0078P 
2 CA0076P 
3 CA0073P 
4 CA0071P 

-Z=18 00 5 CA0075P 
6 CA0079P 
7 CA0074P 
8 CA0077P 

9 9 CA0072P 

6 b' 
1 

6 

Location 
XI- 20 3570 

3570 
3570 

180 
180' 

357; 

9 3O 
870 
87' 

Note: 
Measurement numbers refer to 
l isting in table 8.1- I. 

Far s i d e  
0 Near side 

Figure 4.2-5.- Locations of conical-surface pressure transducers 
on the BP-15 spacecraft, 

UN CLASS IF1 ED 
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a 

S 

Measure men t 

1 CA0580R 
CA0651T 
CAO 58 1 R 
CA0652T 

2 CA0582R 
CA0653T 

3 CA0584R 
CA0655T 
CA0583R 
CA0654T 

4 CA0588R 
CAO 659T 

5 CA0591R 
CA0662T 

6 SA0550R 
1 

2 SA0 560 T 
7 SA0551R 

3 SA056 1 T  
8 SA0553R 

SA0563T 
4 

9 SA0598R 
SA0 6 69 T 

5 

10 AA0594R 
6 

AA0665T 
11 SA0555R 

SA0565T 
1 2  SA0554R 

SA0564T 
11 13 SA05529 

SA0562T 
14 CA0589R 

CA0660T 
CA0590 R 
CA066 1 T 

-I.' 15 CA0585R 
CA0656T 
CA0586R 

'- ..--8 - I - _ -  

0 

w CA0657T 
270' 9 0' 16 CAG587R 
-Y + Y  CAO 658T 

Location 

xc 74 

xc 74 

xc 74 

xc 53 

X c  52 

Xc52 

Xc27 

Xs338 

Xs315 

Xs305 

>(A933 

X ~ 7 7 0  

Xs267 

Xs267 

Xs305 

Xc42.65 

X c 2 7  

X c  52 

Xc  52 

Xc52 

Far s i d e  
0 Near side 

Note: 
Measurement numbers refer to 
listing i n  table 8.1-1. 

3O 

180' 

319' 

3O 

180' 

3 1  9' 

319' 

183' 

187.2' 

187.2' 

183' 

183' 

145' 

160' 

177' 

3O 

180' 

80 

85' 

95O 

Figure 4.2-6.- Locations of heat-flux calorimeter body temperature measurement 
on BP-15 spacecraft. 
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Location 

L 

1 SA0087D 
2 AA0090D 
3 AA0089D 
4 SA0088D 
5 SA0086D 
6 CA0021D 
7 SA0092D 
8 SA0091D 

1 

7 

8 

I I 

Y -53.9 z 47.7 
Y -15.5 Z 7 1  
Y O  Z 72 
Y 68.3 Z 22.8 
Y 92.8 Z 58 
Y 40.4 z 37.3 
19 1' 
19 1' 

I 1 

2700 9 Oo 
-Y S Y  Note: 
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Figure 4.2-7.- Locations of vibration transducers on BP-15 spacecraft. 
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4.3 E l e c t r i c a l  Power and Sequential  

E l e c t r i c a l  subsystem. - The e l e c t r i c a l  subsystem provided the power 
and c i r c u i t r y  for  t h e  communications, environmental control ,  instrumen- 
t a t i o n ,  and sequencing subsystems. 
c i r c u i t r y  and components i s  shown i n  f igu re  4.3-1, with a layout  showing 
t h e  loca t ion  of t h e  components within t h e  cormnand module i n  figure 4.3-2. 

A block diagram of t h e  e l e c t r i c a l  

Spacecraft  power was provided by an ex te rna l  ground-support equip- 
ment (GSE) power supply un t i l  T-12 minutes, a t  which t i m e  t h e  power 
loads  were t r a n s f e r r e d  t o  t h e  i n t e r n a l  spacecraf t  b a t t e r i e s .  The bat- 
t e r y  power f o r  the instrumentation, environmental control ,  and communi- 
c a t i o n  subsystems came from two s i lver -z inc  m i n  b a t t e r i e s  A and B, 
which were rated a t  120 amp-hr a t  a 12-amp discharge rate. 

The main b a t t e r i e s  successfu l ly  m e t  a l l  power requirements f o r  t he  
mission including t h e  f irst  o r b i t a l  p s s  and exceeded the planned b a t -  
t e r y  l i f e .  Main b a t t e r y  A, which had a cur ren t  d r a i n  of approximately 
17 amps, supplied 7 hours and 38 minutes of useful power. 
v e r i f i e d  by t h e  recept ion  of t r ansmi t t e r  A a t  t h e  H a w a i i  Radar S t a t i o n  
on the f i f t h  o r b i t a l  pass. 

This was 

Main b a t t e r y  B supplied use fu l  power f o r  5 hours and 20 minutes. 
The cur ren t  d ra in  on b a t t e r y  B w a s  app rox imte ly  25 amps from T-12 min- 
u t e s  t o  T+5.6 minutes. 
terminated, dropping t h e  cu r ren t  d ra in  on b a t t e r y  B t o  approximately 
l'j' amps. The useful l i f e  of b a t t e r y  B w a s  v e r i f i e d  by the recept ion  
of t r a n s m i t t e r  C a t  t h e  P re to r i a ,  South Africa, range s t a t i o n  on t h e  
f o u r t h  o r b i t a l  pass. 

A t  T+5.6 minutes t h e  Z S  f a n  operation was 

The e l e c t r i c a l  subsystem f o r  t he  BP-15 spacecraf t  w a s  i d e n t i c a l  t o  
that flown on the BP-13 spacecraft ,  w i t h  the  exception of the  prelaunch 
conditioning of t h e  main b a t t e r i e s  and of t h e  sequencer pyro and l o g i c  
b a t t e r i e s .  
e l e c t r o l y t e  per c e l l  as compared with 133 cc used on t h e  BP-13 space- 
c r a f t .  The l o g i c  and pyro batteries flown on t h e  BP-15 spacecraf t  were 
used on t h e  second discharge cycle, while  those flown on t h e  BP-13 
spacecraf t  were used on t h e  first.  These changes i n  prelaunch condi- 
t i on ing  were based on t h e  results of b a t t e r y  performance improvement 
t e s t s  completed s ince  the  BP-13 spacecraf t  f l i g h t .  

The BP-15 main b a t t e r i e s  were ac t iva t ed  using 135 cc of 

Sequential  subsystem.- The sequent ia l  components cons is ted  of a 
mission sequencer having two independent c i r c u i t s  (A and B) for r e l i a -  
b i l i t y  and two tower sequencers. A s  shown i n  f i g f l e  4.3-3,each tower 
sequencer was con t ro l l ed  by one of t h e  two mission sequencer c i r c u i t s .  
The sequent ia l  subsystem included no b u i l t - i n  time delay between 
r e c e i p t  of t h e  s i g n a l  and i n i t i a t i o n  of t h e  pyrotechnics i n  t h e  ex- 
p los ive  bolts,  launch-escape motor, and p i tch-cont ro l  motor. 
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Using GSE power, the mission-sequencer logic and pyro circuits 
were armed at T-7 minutes. Each circuit had one pyro battery and one 
logic battery, which were rated at 6 amp-hr at a 1-amp discharge rate. 
After arming, the voltages on the logic and pyro batteries were between 
33-27 and 33.7 volts. Telemetry data indicated that the logic and pyro 
buses remained armed and the batteries functioned satisfactorily through 
tower jettison as required. 

Twelve seconds after separation of the S-I and S-IV stages, a 
signal was sent from the S-IV instrument unit to the sequencer logic 
circuitry. The signal closed the firing circuits, and ignited the 
LES explosive bolts, launch-escape motor, and pitch-control motor. 
Tower-separation command was confirmed by telemetry data which indicated 
relay closures in circuits A and B. Physical separation of the tower 
from the Spacecraft was verified by the termination of the electrical 
measurements on the tower. Optical data conrirmed ignition of the 
launch-escape motor and separation of the U S  tower. 

The sequential subsystem flown cn tile BP-15 spacecraft was identi- 
cal to that used on the BP-13 spacecraft and performed satisfactorily. 

UNCLASSIFIED 
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Figure 4.3-1. - Electrical power subsystem for BP-15 spacecraft. 

UNCLASSIFIED 

4.5 

17 

1.25 

5.0 

1 .o 

1.0 

9 .O 

8.0 

25.25 
42.25 



UNCLASS I F l  ED 

~ 

4-31 

Command module A/- 

Figure 4.3-2. - Electrical power subsystem components. 
for B P- 15 spacecraft. 
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Figure 4 .3  -3 .- Launch escape sequencer subsystem for BP-15 spacecraft. 
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Description. - The communications subsystem of the  BP-15 spacecraft; 
consisted of t h r e e  VHF telemetry t r ansmi t t e r  packages and two C-band 
transponders ( f i g .  4.2-1). 

Each of t h e  t r ansmi t t e r  packages shown i n  f i g u r e  4.4-1 cons is ted  
of a d-c t o  d-c converter,  a 2-watt FMtransmi t te r ,  a 10-watt RF ampli- 
f i e r ,  an RF bandpass f i l t e r ,  and a power-line f i l t e r .  The RF c a r r i e r  
frequencies were 237.8 mc, 247.3 me, and 257.3 me, and were designated 
as telemetry l i n k s  A, B, and C, respect ively.  
of each t r a n s m i t t e r  w a s  s e t  f o r  *l25 kc. 

The RF c a r r i e r  devia t ion  

The RF outputs of t h e  th ree  t r ansmi t t e r  p c k a g e s  were f e d  i n t o  a 
multiplexer which combined t h e  ind iv idua l  outputs i n t o  one RF composite 
signal.  
omi-antenna loca ted  beneath the  radome a t  t h e  apex of the command 
module ( f ig .  4.4-2). 

This s i g n a l  was f e d  by way of a bandpass f i l t e r  un i t  t o  a VHF 

The power f o r  t h e  A and B t r ansmi t t e r  packages w a s  supplied by t h e  
main bus A of t h e  spacecraf t  power system, and the  power f o r  package C 
w e s  supplied by t h e  main bus B of t he  spacecraf t  power system. 
requi red  f o r  nominal t r ansmi t t e r  p e r f o m n c e  w a s  6.5 amp a t  28 f 4 v d-c 
per uni t .  

Power 

Two redundant C-band transponders, shown i n  f igu res  4.2-1 and 4.4-1, 
were used f o r  t racking  t h e  spacecraft  during launch, e x i t ,  and t h e  i n i -  
t i a l  o r b i t a l  phases of t h e  mission. 
t ransmi t ted  through a power d iv ider  which, i n  turn,  f e d  or received 
from two h e l i c a l  antennas ( f i g s .  4.4-3 and 4.4-4), which were f lu sh -  
mounted, 180° apart,on the  surface of the service module. Power f o r  
each of t h e  transponders was supplied by t h e  main bus B of t h e  space- 
c raf t  power system. 

Each transponder received and 

The transponders were in te r roga ted  wi th  an RF s i g n a l  cons i s t ing  
of two 1-microsecond pulses spaced 3.5 microseconds apart. The t r ans -  
ponder decoder ( f i g .  4.4-4) received t h e  s i g n a l  and t r igge red  t h e  
transponder t ransmi t te rs .  Each of t he  two transponder t r ansmi t t e r s  
generated a 0.77 microsecond pulse i n  reply. 
mitted a t  a minimum peak power output of 500 w a t t s .  

These pulses were t r ans -  

Performance.- During t h e  launch phase of the BP-15 spacecraf t ,  t h e  
t h r e e  telemetry t r ansmi t t e r  systems performed s a t i s f a c t o r i l y  and pro- 
vided good q u a l i t y  data. 
during t h e  launch phase occurred f o r  a period of 3 seconds on a l l  l i n k s  
a t  t he  time of S-I s tag ing  (T-I-148. 2 sec) .  
maintained a t  Cape Kennedy u n t i l  W57O seconds. 

The only in t e r rup t ion  of RF transmission 

Telemetry recept ion  was 
A complete l i s t  of 

U NCLASS IF1 ED 
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c 
telemetry a c q u i s i t i o n  and loss -of -s igna l  times f o r  a l l  range s t a t i o n s  
i s  recorded i n  t a b l e  7.3-1. 

During t h e  launch phasg, t h e  measured temperature extremes i n  the  
t r ansmi t t i ng  system were 43 
i n  the maxirpm allowal$e l i m i t  of 150' F, and they  compare favorably 
with t h e  40 
t h e  BP-13 spacecraf t  (ref. 1). 
t h e  measured temperature extremes were 49' F and 56 as compred 
w i t h  89' F and 120' F measured on t h e  f i r s t  pass of t h e  BP-13 spacecraf t ,  
i n d i c a t i n g  improved performance of t h e  equipment cooling subsystem. 

F and 50' F. These values were w e l l  with- 

F and 55 3' extremes measured during t h e  launch phase of 
During t h e  f i r s t  pags over Cape Kennedy, 

F 

The two C-band transponders, ca r r i ed  on t h e  BP-15 spacec ra f t  f o r  
t racking ,  were in t e r roga ted  during launch by t h e  Pa t r i ck  Air Force Base 
radar. 
l a s t e d  f o r  a period of 2 seconds a t  t h e  time of launch-vehicle staging. 

The only l o s s  of transponder s i g n a l  during t h e  launch phase 

Throughout t h e  launch and o r b i t a l  phases of t h e  BP-15 spacecraf t ,  
the performance of the C-band transponders was good. 
t i o n  frequency (PRF), measured by w a y  of te lemet ry  l i n k  A, o f  the t w o  
beacons w a s  normal. 

The pulse  r e p e t i -  

The last range s t a t i o n  t o  repor t  acqu i s i t i on  of t he  transponders 
w a s  H a w a i i  on t h e  t h i r d  o r b i t a l  pass. The C-band radar coverage t imes 
from acqu i s i t i on  t o  l o s s  of s i g n a l  f o r  each of t h e  p a r t i c i p a t i n g  range 
s t a t i o n s  is  shown i n  table 7.3-11. 

In  conclusion, t he  communications subsystem success fu l ly  f u l f i l l e d  
t h e  s p e c i f i e d  mission requirements, and performance w a s  not degraded by 
e i t h e r  anomalies or mlfunc t ions .  

* 
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Figure 4.4-2. - Location of telemetry omniantenna 
on command module of BP-15 spacecraft. 
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Pyrotechnic devices were used on the BP-15 spacecraft to ignite t.ie 
launch-escape and pitch-control motors and to release the launch-escape 
tower from the attachment to the command module. The assignments of Lie 
pyrotechnic devices are shown in table 4.5-1. 

The spacecraft prototype igniter cartridges (YA 453-0014-0081) were 
installed in the launch-escape and pitch-control motors as shown in 
figure 4.5-1. 
bility for ignition. Each cartridge contained the Apcllo standard hot 
bridgewire initiator (ME 453-0009-0004) designed to ig:n;te the propel- 
lant within 10 milliseconds when a current of 3.5 amps is applied to 
the bridgewire. 

Redundant cartridges were employed to enhance the relia- 

The ME433-0014-0081 prototype cartridge performed satisfactorily 3n 
the BP-6 and BP-12 spzcecraft (refs. 2 and 3 ) ,  and photographic data 
indicated satisfactory performance on the BP-15 spacecraft. 

The same cartridge conffguration except Tor a different thread size 
( l lE  453-0014-0082) ignited the tower- jettison motors satisfactorily on 
the BP-6, BP-12, and BP-13 spacecraft (refs. 1 to 3 ) .  

The launch-escape tower was secured to the command m’3dule by an 
explosive bolt assembly in each tower leg as shown in figure 4.5-2. The 
bolt assemblies were of an interim configuration, pending completion of 
the development of the production spacecraft dual-mode bolts. The bolts 
were identical to those which were used successfully on the BP-6, BP-12, 
and BP-13 spacecraft with the exception that the bolt body threads on 
the BP-15 configuration were precision rolled to reduce stress concen- 
tration at the thread root, instead of being machine cut. 

Each b o l t  assembly contained an ME 111-OOOl-OOl~ cartridge ( s e e  

fig. 4.5-3) with dual initiators which ignited the single propellant 
charge. The propellant gas pressure, operating against the actuating 
piston (area ratio, approximately 20 to 1) compressed the silicone plugs. 
m e  silicone plugs, under high pressure, served as a hydraulic fluid, 
which loaded and broke the bolt in tension. The initiators were not the 
Apollo standard initiators, but had the same response-time characteristics 
and were of similar configuration. The only exceptions were a slightly 
higher bridgewire resistance (1.35 + 0.1 ohm) and a larger ',bread size 
to accommodate the interim explosive bolt. The Apollo standard initiators 
(1.00 ohm bridgewire resistance) are planned to be used with the produc- 
tion spacecraft dual-mode bolts. 

The firing current was applied simultaneously to the explosive bci.ts 
and igniter cartridges of the launch-escape and pitch-control motors. 
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The bolts re leased  t h e  tower, 'and the  rocket  motors propelled t h e  tower 
out of the  pa th  of the  spacecraf t .  

The primary purpose of t h e  pyrotechnic devices was t o  i g n i t e  t h e  
rocket  motors and t o  r e l ease  the  launch-escape tower. Optical  and telem- 
e t r y  data ind ica ted  t h a t  separat ion occurred a t  ~+160.2 seconds. 

c 
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Figure 4.5-2.- BP-15 launch escape tower explosive bolt installation. 
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4.6 Launch-Escape Subsystem Propul.sion 

The launch-escape, pitch-control, and towcr-jettison motors used 
in the BP-15 spacecraft launch-escape subsystem wcrc- of' the same con- 
figuration as the respective motors used in the qualification test pro- 
gram for Apollo Block I and Block 11. 

To demonstrate alternate mode of tower jettison, the launch-escape 
and pitch-control motors were utilized, and the tower-jettison motor 
contained no initiators. 

During a normal Apollo mission, the alternate mode of tower jettison 
is planned for use in the event that the normal moan, using only the tcwer- 
jettison motor, fails. 

Launch-escape motor.- The launch-escape motor is designed to pro- 
vide the propulsive force required to remove the command module from 
the launch vehicle in the event the mission is aborted during the count- 
down or launch phase through approximately 35 seconds of Saturn V second- 
stage burning (at an altitude of approximately 293,000 ft). In additicn, 
the launch-escape motor may be used in the alternate mode of tower 
jettison. 

The location of the motor with respect to the command and service 
module is shown in figure 4.1-1, and the location with respect to the 
launch escape subsystem is shown in figure 4.6-1. 
diagram is shown in figure 4.6-2. 

A rnotor configuraticn 

The launch-escape motor used a case-bonded s o l i d  propellant of 
polysulfide fuel binder and ammonium perchlorate oxidizer cast into an 
eight-point, internal-burning, star configuration. The motor had fou r  
nozzles spaced 90" apart and canted 35" outward from ti:e longitudinal 
axis of the motor. The f o u r  nozzles had graphite throat inserts and 
fiber-glass phenolic exit cones. A nominal thrust vector off-set of 
2.75" from the motor centerline was provided by the use of one oversize 
and one undersize nozzle in the pitch plane. The thrusz-vector offset 
was provided so that the negative pitch thrust vector passed more nearly 
through the center of gravity of the launch escape vehicle. PolprethEne 
blowxt closures were glued into each nozzle throat to provide a sealed 
environment inside the motor during handling and s t o r a g e .  

The motor was ignited by a head-end mounted igniter, bhich incnrpcj- 
rated redundant hot-bridgewire initiators. The igniter was mounted in 
the forward end of the motor, concentric with the longitudinal axis. 7'he 
igniter propellant was of the same formulation as the propellant used in 
the motor. The initiators were used to ignite boron-potass'lum nitrate 
pellets, which, in turn, ignited the igniter propellant. 
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The predicted performance parameters for the motor are presented in 
table 4.6-1. A predicted thrust as a function of time is presented 
in figure 4.6-3. 

Pitch-control motor.- The pitch-control motor is designed to pro- 
vide a positive pitching moment to change the initial attitude of the 
command module in order to remove the command module from the launch 
area during a pad abort and from the flight path of the launch vehicle 
during a flight abort. For the alternate mode of  tower jettison the 
pitch-control motor provides the pitching moment required to assure pro- 
per clearance of the launch escape tower from the launch vehicle and 
command module. 
thrust vector angle of the launch escape motor for approximately 0.6 sec- 
ond to provide greater lateral displacement of the LES away from the 
spacecraft p r i o r  to LES tumbling. 

The positive pitch thrust counteracts the negative 

The pitch-control rn3tor used the same prope l l an t  formulation as 
the launch-escape motor. 
internal-burning, star configuration. 

The propellant was cast into a 14-point, 

The motor had one nozzle containing a graphite throat insert housed 
A polyurethane blowout closure was glued in a steel structural shell. 

into the nozzle to provide a sealed environment inside the motor during 
handling and storage. 

The motor w a s  ignited by a pellet-type igniter which was mounted 
in the head end of the motor, concentric with the longitudinal axis. 
Redundant hot-bridgewire pyrotechnic initiators were used to ignite 
boron-potassium nitrate pellets, which ignited the motor propellant. 

Location of the motor with respect to the command and service 
modules is show in figure 4.1-1, and the location with respect to the 
launch-escape subsystem is shown in figure 4.6-1. 
tion diagram is shown in figure 4.6-4. 

A motor configura- 

Predicted performance parameters are presented in table 4.6-1. The 
predicted thrust as a f'unction of time is presented in figure 4.6-5. 

Tower-jettison motor.- The tower-jettison motor is designed to 
provide the propulsive force for removing the launch-escape subsystem 
from the flight vehicle for a normal mission after approximately 35 sec- 
onds of Saturn V second-stage burning, and from the command module during 
an aborted mission, when the abort occurs before approximately 35 seconds 
of Saturn V second-stage burning. 

The tower-jettison motor had no function in the secondary mode of 
tower jettison, and on EP-l5 spacecraft the motor was not connected 
electrically to the sequencing circuit. 
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The motor configuration for this flight was basically of the 
qualification design. 

mately forty Ti-inch-diameter high-shear bolts on 2-inch centers around 
the circumference at each end of the interstage adapter to reinforce 
the spot-welded flanges. These bolts were added following an inter- 
stage failure during the tower-jettison motor static test (see 
fig. 4.6-1). 

The only change was the addition of approxi- 
1 

The location of the motor with respect to the comqand and service 
modules is show. in figure 4.1-1, and the location with respect to the 
launch-escape subsystem is presented in figure 4.6-1. A motor config- 
uration diagram is shown in figure 4.6-6. 

Flight performance.- No motor instrumentation was used for the 
BP-15 spacecraft launch-escape subsystem; therefore, actual motor per- 
formance is unavailable. 
performance of the individual motors. 

See figure 4.6-3 and 4.6-5 for predicted 

The ignition signal for the launch-escape and pitch-control motors 
was relayed from the sequencer at ~+160.2 seconds. 
graphic coverage of the flight revealed that the first noticeable flame 
from the launch-escape motor occurred at approximately ~+160.2 seconds, 
Positive ignition of the pitch-control motor could not be determined 
from the photographic coverage. However, the general trajectory and 
tumbling rate of the jettisoned portion of the LES indicated that the 
performance of the pitch-control motor, as well as the launch-escape 
motor, was satisfactory. 

A review of photo- 

c 

Recovery of the LES was not attempted; therefore, no postflight 
analysis was possible. 
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I P a r a m e t e r  

tf - 

Launch P i t c h  
e s c a p e  c o n t r o l  

TABU 4.6-1. - BP-15 SPACECRAFT LAUNCH-ESCAPE PROPULSION 

1 

I g n i t i o n  3 e l a y ,  td, s e c  . . . . . . . . . . . . .  0.045 0.015 

T h r u s t  r ise  t i m e ,  tf, s e c  . . . . . . . . . . . .  0.090 0.090 

Burn ing  time, tb, s e c  . . . . . . . . . . . . . .  3.230 0.625, 

A c t i o n  time, ta, s e e  . . . . . . . . . . . . . .  6.200 1.005 

Maximum chamber p r e s s u r e ,  pmax, p s i a  . . . . . .  1,480 1.635 

pb, p s i a  . . . . . . . . . . . . . . . . . . .  1,296 1,403 

Maximum t h r u s t ,  Fmx, lbf . . . . . . . . . . . .  161,703 2,800 

Total time, tt, s e e  . . . . . . . . . . . . . . .  9.900 1.250 

Average chamber p r e s s u r e  d u r i n g  b u r n i p g  t i m e ,  

Average t h r u s t  d u r i n g  t u r n i n g  time, Fb, l b f  . . .  147,500 2 ,390  

T o t a l  i m p u l s e ,  It, l b f - s e c  . . . . . . . . . . .  615,300 1,770 
+ 

SUBSYSTEM MOTOR PREDICTED PERFORMANCE' 

[ A t  70" F g r a i n  c o n d i t i o n i n g  t e m p e r a t u r e  and vacuum a t m o s p h e r i c  ~ressure] 

I 
Based upon h i s t o r i c a l  s t a t i c  test d a t a ,  p r o p e l l a n t  b u r n i n g  rate, 

and moto r  g e o m e t r i c  c o n f i g u r a t i o n .  

v l a u n c h  e s c a p e  f t -// /- Time 
0 p i t c h  c o n t r o l  

mot or  motor  

I g n i t i o n  t h r u s t  
Fi 

0 F i r i n g  c u r r e n t  a p p l i c a t i o n  t ime 

Time 
a l l  m o t o r s  

100 p s i a  
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Figure 4.6-1 .- BP-15 spacecraft launch escape subsystem. 
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4.7 St ruc tures  

Summary.- Examination of a l l  spacecraf t  s t r a i n  gage, pressure,  and 
ecce le ra t ion  da ta  ind ica t e s  t h a t  t h e  spacecraf t  performed adequately i n  
the launch environment. Maximum values of c ~ q  d i d  not exceed 
1,000 (deg) ( lb / sq  f t )  (minimum allowable c ~ q  = 5,800 (deg ) ( lb / sq  f t ) ) .  
S t a t i c  pressures measured on t h e  CM conica l  surface were i n  agreement 
with BP-13 spacecraf t  f l i g h t  and wind-tunnel data.  The spacecraf t  SM 
venting system performed as expected. 
ment d i f f e r e n t i a l  pressure d i f f e r e d  r a d i c a l l y  from t h a t  of BP-l3 space- 
c r a f t  and reached a maximum value of 13.3 p s i  

a t  tower j e t t i s o n .  
were measured i n  t h e  CM during t h e  hold-down period p r i o r  t o  l i f t - o f f .  
These o s c i l l a t i o n s  had a frequency of approximately 1 0  cps and damped 
out r ap id ly  a t  l i f t - o f f .  Adapter strain-gage data show low amplitude 
o s c i l l a t o r y  s t r a i n s  during t h e  same t i m e  period. 

The CM instrumentation compart- 

p 
X-axis o s c i l l a t o r y  acce le ra t ions  of 1.8g peak-to-peak ' 

( ex te rna l  ' internal) 

Power s p e c t r a l  ana lys i s  of Y- and Z-axis acce le ra t ions  show pre- 
dominant frequencies of 16 and 40 cps during the boost phase. The 
16 cps o s c i l l a t i o n  was a l s o  observed on t h e  CM X-axis acce le ra t ion  
records and w a s  noted during t h e  f l i g h t  of t h e  BP-13 s p c e c r a f t .  
e r  strain-gage data do not show t h a t  s i g n i f i c a n t  o s c i l l a t o r y  bending 
moments were produced i n  the  adapter. 

Adapt- 

Service-module v ib ra t ion  records showed t h e  expected response t o  

The 
f l u c t u a t i n g  pressure. Amplitudes and frequency d i s t r i b u t i o n  were s i m i -  
l a r  t o  those observed during t h e  f l i g h t  of t h e  BP-13 spacecraft .  
SM s t ra in-gage  data show low-level s t r a i n  r e s u l t i n g  from t h e  shel l  modi 
response with a mzximwn ove ra l l  RIS value of 33 p,in./in. 

Strain-gage da ta  from t h e  SM and adapter i n d i c a t e  t h a t  both stati: 
and dynamic loads were of an acceptable mgnitude.  

Acceleration data from instrumentation i n  an  RCS engine nozzle 
show l e v e l s  of acce le ra t ion  which were above t h e  t h e  design values. 
An examination of nozzle v i b r a t i o n  and SM v ib ra t ion  records ind ica ted  
no s t r u c t u r a l  f a i l u r e  of t h e  RCS assembly. 

F luc tua t ing  pressures on t h e  SM and adapter sur faces  were recorded 
and, i n  general, v e r i f y  the design spec i f i ca t ions .  

S t r u c t u r a l  descr ip t ion . -  The s t r u c t u r a l  assembly f o r  BP-15 space- 
c r a f t  cons is ted  of the following components: launch-escape subsystem 
(US), command module (CM) , se rv ice  module (SM) , i n s e r t ,  and adapter. 
(See f ig .  4.1-1. ) 
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The launch-escape subsystem cons is ted  of a motor package and tower 
t r u s s  s t ruc tu re ,  as shown i n  f igu re  4.7-1. The launch-escape tower 
cons is ted  of a ~ A L - ~ V  t i t an ium welded truss s t r u c t u r e  wi th  f o u r  main 
long i tud ina l  members of 3.6-inch-diameter by 0.127-inch tubing, and 
connecting members of 2.5-inch-diameter by 0.050-inch tubing. 
tower t r u s s  s t r u c t u r e  was 118 inches long and approximately 36 by 36 
inches wide a t  t h e  nozzle s k i r t  attachment and 47 by 51 inches a t  t h e  
CM attachment. The i n t e r f a c e  between the  launch-escape motor and t h e  
t r u s s  s t r u c t u r e  was a s k i r t  which w a s  a semimonocoque s t r u c t u r e  i n  t h e  
form of a t runca ted  cone. 
sheet which was a t tached  t o  four t i t an ium longerons. 
a t t ached  t o  t h e  tower a t  t h e  upper ends of t h e  long i tud ina l  members by 
four  bo l t s .  
l ong i tud ina l  members and a t tached  t o  t h e  CM by means of fou r  pyrotechnic 
bo l t s .  The launch-escape subsystem s t r u c t u r a l  configuration w a s  i d e n t i -  
c a l  t o  that which i s  planned t o  be used on the production Apollo space- 
c r a f t .  

The 

The sk in  w a s  0.140-inch-thick 6 U - 4 ~  t i tan ium 
The s k i r t  was 

Separation housings were bo l t ed  t o  t h e  lower ends of t h e  

The boilerplate command module w a s  a semimonocoque-type aluminum 
s t r u c t u r e  which cons is ted  of skin, s t r i n g e r s ,  longerons, and frames. 
The outer  skin w a s  5456 aluminum with a th ickness  of 0.190 inch. 

An inner  compartment containing instrumentation, a n  e l e c t r i c a l  
power system, and b a l l a s t  required t o  provide proper weight and center -  
of -gravi ty  l o c a t i o n  w a s  provided i n  the command module. The comrnand 
module w a s  a t tached  t o  the SMlongerons by t h r e e  tens ion  t i e  rods. 
Compressive loads were c a r r i e d  by s i x  pads, t h r e e  of which were also 
capable of tak ing  shear Loads. The CM-SM i n t e r f a c e  connections were 
similar t o  production connections. 
connection. 

See f i g u r e  4.7-2 f o r  a t y p i c a l  

The b o i l e r p l a t e  s t r u c t u r a l  assembly shown i n  f i g u r e  4.1-8 cons is ted  
of t he  serv ice  module, 141 inches long; t h e  SM i n s e r t ,  52 inches long; 
and t h e  adapter,  92 inches long; making a n  o v e r a l l  l eng th  of 285 inches. 
I n  addi t ion,  a f a i r i n g  10.75 inches long was a t tached  t o  t h e  t o p  of t h e  
se rv ice  module. The outs ide  diameter of t h e  assembly was 154.0 inches. 
The types of cons t ruc t ion  of t h e  t h r e e  components were similar. 

The semimonocoque s t r u c t u r e  of the se rv ice  module cons is ted  of an 
alwninwn skin which was re inforced  wi th  r i n g  frames and longerons. 
i n s e r t  and adapter  had s t r i n g e r s  i n  add i t ion  t o  t h e  Longerons. 
longerons were r i v e t e d  t o  t h e  sk in  and extended t h e  e n t i r e  l eng th  of 
each section. The longerons were made up t o  two s t e e l  t e e s  jo ined  by 
an aluminum web and were of constant depth i n  t h e  i n s e r t  and adapter.  
The depth of t h e  longerons i n  t h e  se rv ice  module var ied  l i n e a r l y  from 
a maximum of 17.2 inches a t  the  t o p  end, where it m t e d  with the command 
module, t o  5.50 inches a t  t h e  bottom end. The skin of a l l  three com- 
ponents was  made of s of a constant 

The 
The 
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thickness of 0.16 inch over the entire boilerplate. 
forced with a total of 30 ring frames. 
components were all m d e  from 2024-T4 aluminum with the exception of tbe 
bottom frame of the adapter, which was made of steel. The ring frames 
in the service module were evenly spaced at approximately 12-inch inter- 
vals, whereas the ring frames in the insert and adapter were spaced at. 
varying intervals of approximately 7 to 10 inches. In addition to the 
six heavy longerons, there were a total of 28 tee-shaped stringers m6.e 
of 7075-T6 aluminum in the insert and adapter sections. 

The skin was reiri- 
The ring frames in the three 

The service module-to-insert and insert-to-adapter interfaces were 
bolted connections consisting of 24 bolts each (4 bolts at each longeron). 
The interface connection between the adapter and instrument unit con- 
sisted of 32 bolts, evenly spaced around the circumference. 

The parachute compartment of the command module was vented to the 
space between the instrumentation compartment and the aft heat shield 
by a connecting tube which passed through the instrumentction compart- 
ment. This space was vented to the service module through the clearance 
in the tension ties holes. (See fig. 4.7-2.) The service module was 
vented to the atmosphere by eight holes, 4.9 inches in diameter, in the 
skin of the adapter at XA733. 
coated nylon cloth was installed at the interface of the adapter and 
the launch-vehicle instrument unit (IU). Thus, the venting of the 
service module and instrument unit were independent of each other. 

An air-conditioning barrier mde from a 

Launch winds and preflight aq p redictions.- Preflight aq pre- 
dictions were based on the planned trajectory and upper atmospheric 
winds obtained from rawinsonde soundings made at Cape Kennedy, Florida, 
at T-14 hours. 
shown in figure 4.7-3. 
v a r i a t i o n s  from T-14 to T-0 w e r e  small as shown in figure 4.7-3. 
predicted angles of attack based on the preflight trajectory and the 
T-0 wind profile are compared in figure 4.7-4 to angles of attack from 
a preliminary evaluation of &-ball data by EFC. 
aq 
As can be seen, did not exceed 1,000 (deg)(lb/sq ft) d>xring this 
flidht. 
which occurs at mximum dynamic pressures, was 5,800 (deg)(lb/sq ft). 

The launch (T-0) and the T-14 hour wind profiles are 
The wind velocities were fairly low and the 

The 

A comparison of 
profiles using these angles of attack is also shown in figure 4.7-4. 

This was a comparatively low value since the minimum allowable, 
aq 

Command module static pressures.- Static pressures were measured 
throughout the flight at nine points on the surface of the command 
module. The locations of the static pressure instrumentation are shown 
in figure 4.2-3. 
T+gO seconds are shown in figure 4.7-5. 
flight-data coefficients with wind-tunnel data (ref. 6) at T+7O seconds 
(M = 1.55) i s  shown in figure 4.7-6. 

Static pressure coefficients from TI-20 seconds to 
A typical comparison of the 

The correlation between the 
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flight-measured data and wind-tunnel data is good, and consequently 
pressure loads obtained by the integration of these distributions agreed . 
well with the predicted pressure loads. 

Spacecraft venting.- The pressure inside the compartment made up 
by the service module, insert, and adapter, and the pressure in the 
command module instrumentation compartment were measured and transmitted 
throughout the flight. 

The pressure inside the compartment mde up by the service module, 
insert, and adapter was measured in order to verify the adequacy of the 
venting scheme used. This compartment was the only part of the space- 
craft with planned venting. 
spaced 4.9-inch-diameter holes located 13 inches forward of the inter- 
face between the adapter and the instrument unit (fig. 4.7-7). 
purpose of the SM compartment venting is the following: 

The venting consisted of eight equally 

The 

- 
('internal 'external) (1) To maintain the differential pressures 

w i t h i n  the bursting and crushing limits of the structure. 

(2) 
tit a minimum. 

To keep axial force relief provided by SM internal pressure 

( 3 )  To maintain the differential pressure across the air- 
conditioning barrier at less than 0.7 psi. 

As shown in figure 4.7-8, the flight-measured pressure inside the 
service module, insert, and adapter comprtment was slightly lower than 
that predicted, except for the period from approximately ~+67 to 
T+80 seconds. Recorded SM internal pressure histories from the BP-13 
spacecraft and the BP-15 spacecraft show close agreement. 
son of the SM, insert, and adapter compartment pressure with that in the 
instrument unit, as shown in figure 4.7-9, verifies that the differential 
pressure across the air-conditioning barrier did not exceed the 0.7-psi 
limit. The data verify that the.venting scheme used was adequate. 

The compari- 

The command-module instrumentation compartment pressure was not 
required for verification of the venting scheme for the compartment made 
up by the service module, insert, and adapter. The command-module in- 
strumentation compartment was not deliberately vented nor was it delib- 
erately sealed. Figure k.7-10 shows the pressure time history of this 
commrtment for both BP-15 spacecraft and BP-13 spacecraft. It can be 
seek from this figure that these pressure histories differ quite radi- 
tally. A maximum differential pressure of 13.3 psi peXternal< pinternal ( 
was recorded prior to tower jettison. 
spacecraft instrumentation Compartment was of mGch tighter construction 
than the BP-13 spacecraft. It can be seen in figure 4.7-10 that at the 

It is apparent that the BP-15 I 

. 
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approximate time of LES j e t t i s o n  ( ~ + 1 6 0 . 2  sec)  t he re  was a mrked  in-  
crease i n  t h e  l e a k  r a t e  of BP-15 spacecraf t  command-module instrumen- 
t a t i o n  compartment. 

The results of a venting ana lys i s  i nd ica t e  that the  observed de- 
crease i n  pressure could have r e su l t ed  from venting through a l e a k  a rea  
of approximately 0.75 square inch. This l eak  a rea  could have been ob- 
t a ined  by one tower b o l t  c l ea r ing  i ts  hole completely ( f i g .  4.7-11) o r  
by the  loosening of t h e  washers around each b o l t ,  allowing vent ing 

through the  clearance around t h e  8-inch-diameter b o l t  i n  t h e  1-inch- , 

diameter hole. However, a rigorous explanation of the  increased l e a k  
rate a t  tower separat ion cannot be of fered  with the  ava i l ab le  informa- 
t ion .  

7 

It should be noted t h a t  t h e  tower bo l t ,  attachment scheme, and 
cabin construction used i n  BP-15 spacecraf t  are not of production space- 
c r a f t  configuration. 

Quasi-steady f l i g h t  loads.-  Since the  SA-7 t r a j e c t o r y  was approxi- 
mately a z e r o - l i f t  t r a j e c t o r y ,  t he  quasi-steady lateral loads were low. 
The &ximum a,q experienced by the  BP-15 spacecraf t  w a s  
990 (deg ) ( lb / sq  f t )  compared with 4,600 (deg)( lb /sq  f t )  f o r  t he  BP-13 
spacecraft .  I n e r t i a l  loads a t  the  in t e r f ace  of the  adapter  and I U  
have been ca lcu la ted  a t  t h e  maximum c ~ q  f l i g h t  condition 
(oq = 990 (deg) ( lb /sq  f t )  a t  T+75 sec) .  Time h i s t o r i e s  of vehic le  
longi tudina l  and La te ra l  acce le ra t ions  are presented i n  f igu re  4.7-12. 
Bending moments r e s u l t i n g  from a i r  loads a t  mximum aq were a l s o  
determined. The ne t  bending moment on the  adapter-IU, including a i r  

6 and i n e r t i a l  loads,  w a s  1.31 X 10 in- lb  f o r  t h e  maximum c ~ q  f l i g h t  
condition. hximum n e t  load was small, approximte ly  25 percent of 
that experienced by the  BP-13 spacecraf t .  

The axial forces  a t  XA 722 (adapter-IU in t e r f ace )  w e r e  very s i m i -  

l a r  f o r  the  BP-13 and BP-15 spacecraft .  The BP-15 spacecraf t  experi- 
enced s l i g h t l y  lower axial  loads than t h e  BP-13 spacecraf t  because of 
smaller angles of a t t a c k  and dynamic pressures.  

a t  XA 722 (adapter-IT in t e r f ace )  f o r  t h e  BP-15 spacecraf t  i s  compared 

with that ca lcu la ted  from f l i g h t  data  f o r  both t h e  BP-15 and BP-13 
spacecraf t  i n  figure 4.7-13. The predicted axial  force  f o r  t h e  BP-15 
spacecraf t  i s  lower than t h e  a c t u a l  force,  due mainly t o  t h e  lower q 
of the  p r e f l i g h t  t r a j e c t o r y  and t o  t h e  small di f fe rence  i n  pred ic ted  
and a c t u a l  SM i n t e r n a l  pressures.  

Predicted a x i a l  fo rce  

/ 
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LES pitch rates.- LES jettison and the resulting L;ES motions were 
determined from engineering film taken at Cocoa Beach and Melbourne, 
Florida. The initial LES motion was forward and translational in the 
negative Z-axis direction. During pitch-control-motor thrust decay, 
the U S  pitch rate began to increase. 
initiation of the LES jettison sequence, the pitch rate had built up to 
a steady-state value of 673 deg/sec. 
rates were 793 deg/sec. Stress analysis, with loads produced by the 
observed pitch rate, shows that the tumbling rate was sufficient to 
cause yielding in the U S  ballast support plate. The analysis shows 
that the tumbling rate was not sufficient to cause separation of the 
U S  components from the main U S  assembly. The quality of the best 
films available was not good enough to verify that no components of 
the LLFS separated from the assembly. 

Between 3 and 4 seconds after 

Predicted LES steady-state pitch 

X-axis vibrations.- An accelerometer system designed to measure 
X-axis acceleration was located in the CM at the position shown in 
figure 4.2-2. 
and for a frequency response from 0 to 30 cps. 

The system was ranged for amplitudes from -2. Og to 410. Og 

The X-axis acceleration records, from the measurement identified 
as CAOOIA, show a 10-cps oscillation having a peak-to-peak amplitude 
of about 1-86 which damped out rapidly at lift-off. 
The 1.8g value occurred after S-I engine ignition but before vehicle 
release. Data obtained from the adapter strain-gage system show maxi- 
mum oscillatory strains during hold-down with peak-to-peak values of 
80 pin./in. 

The maximum oscillatory X-axis acceleration recorded after lift-off 
was about O.5g peak-to-peak and occurred at maximum dynamic pressure 
(T4-73 see). 
is shown by power-spectral-density analysis to be concentrated at a 
frequency of approximately 16 cps (fig. 4.7-14). The 16-cps oscillation 
was also observed in the Y- and Z-axis acceleration records from the 
BP-15 and BP-13 spacecraft. Further analysis will be required to deter- 
mine the nature of this oscillation. 

The majority of the X-axis vibration energy after lift-off 

Y- and Z-axis accelerations.- The Apollo BP-15 spacecraft was in- 
strumented with six accelerometers to measure accelerations along the 
Y- and Z-axes of the vehicle. Biaxial measurements were provided in the 
forward extremity of the I;ES, in the command module, and in the service 
module. The LES or tower accelerometers were ranged for S . O g ,  and 
CM and SM accelerometers for %.5g. 

Tower Y- and Z-axis acceleration measurements at the limit of the 
instrument range, @.Og, occurred periodically from 41 to 70 seconds 
after lift-off. Examination of oscillograph records and narrow-band 

L 
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analyses of the tower-accelerometer data show that the majority of the 
response energy vas concentrated at frequencies of approximtely 16 and 
42 cps. 

c 
The c o m n d  module Y- and Z-axis accelerations exhibited similar 

waveforms at corresponding times. 
erations show energy at 16 and 43 cps which indicates excitation of 
free-free body bending modes having frequencies of 16 and 43 cps. Ex- 
amination of the power-specti-al-density plots presented in figure 4.7-15 
showed the majority of energy to have been concentrated at frequencies 
well above that of the first few body-bending mod-es (first bending mode 
frequency z 1.9 cps). The measured response would not be expected to 
contribute significantly to the overall structural loads, and no evi- 
dence of any significant oscillatory bending moment is shown on the 
oscillograph records of adapter strain or RIG histories of adapter 
strain. 

Both comnd-module and tower accel- 

As during the flight of the BP-17; spacecraft, the only excitation 
of the first free-free vehicle lateral body-bending mode, observed on 
the oscillograph records, occurred at S-IV engine ignition. Maximum 
tower-acceleration values during staging were below 0.8g peak-to-peak. 
Estimated inertial loads produced by this oscillation would produce 
less than 5 percent of the design allowable bending moment (based on 
adapter-IU interface allowable loads). 
of the command and service modules verified all conclusions drawn from 
the tower Y- and Z-axis acceleration measurements since they exhibited 
the same frequencies at smaller amplitudes. 

The Y- and Z-axis accelerations 

SM radial vibrations.- The service module was instrumented with 
three accelerometers with a range of fsOg. 
range of the accelerometer identified as SAOO86D was f r o m  20 to 1,000 cps. 
Accelerometers identified as ~ 0 0 8 7 ~  and ~ ~ 0 0 8 8 ~  had frequency-response 
ranges from 20 to 790 cps. Two similar instruments were installed in 
the SM adapter. A l l  radial vibration accelerometers were installed on 
the flar,ges of the frames adjacent to the skin to measure radial vibra- 
tion of the SM and adapter shells at the positions shown in figure 4.7-16. 

The frequency response 

Inspection of the SM radial vibration records showed random re- 
sponse as during flight of the BP-13 spacecraft. 
response, R E  values of 11 to l5g, were determined from lift-off data. 
These vibrations died out rapidly as the vehicle rose, and the noise 
environment became less severe. The vibration response began to in- 
crease at "-I-40 seconds and continued to build up as .free-stream dynamic 
pressure increased and the vehicle approached transonic Mach numbers. 
Root mean square (RW) accelerations from SA0086D reached a mximum 
of 21g 
T+55 seconds. 

Random vibration 

at T+5O seconds and decreased sharply to 7.5g R E  at 
From T+55 seconds to T+74 seconds, the RIVE value remained 
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f a i r l y  constant. 
R E  value gradual ly  decreased a s  &ch number increased and dynamic 
pressure decreased. 

Af te r  maximum dynamic pressure a t  T+73 seconds, t h e  

The v ib ra t ion  data recorded from SA0087D and SA0088D exh ib i t ed  
the same general  t r e n d  as SA0086D with smaller RMS values. 
acce le ra t ion  values from ~ ~ 0 0 8 7 ~  and SA0088D were 18g and l5g, respec- 
t i ve ly .  
recorded through MSFC telemetry show t h e  same general  t rends  as da ta  
from SA0086D, SAOO87D, and SA0088D, but with smaller RMS values i n  t h e  
comparable frequency range. 
a r e  presented i n  f i g u r e  4.7-17. 

Maximum RMS 

A cursory examination of t h e  adapter radial v ib ra t ion  data 

RIVE h i s t o r i e s  of t h e  SM radial v ib ra t ion  

The r ap id  decrease i n  r a d i a l  v ib ra t ion  amplitudes noted i n  t h e  
preceding paragraph may -Le a t t r i b u t e d  t o  t h e  decrease i n  f l u c t u a t i n g  
pressure which occurred a t  the  same time as t h e  decrease i n  v i b r a t i o n  
amplitude (T+50 sec, M = 0.81). The decrease in fluctuating pressure 
amplitudes was expected and can be assoc ia ted  with changes i n  t h e  aero- 
dynamic flow a t  t h i s  Mach number and angle of a t tack.  
pressure and radial v ib ra t ion  records from t h e  BP-13 spacecraft show 
t h e  same t r ends  as BP-13 spacecraf t ,  and t h e  t r e n d  of f l u c t u a t i n g  pres- 
sure  h i s t o r y  i n  t h i s  Mach. number range has been v e r i f i e d  i n  wind-tunnel 
t e s t s  ( r e f .  6) .  

F luc tua t ing  

The recorded v i b r a t i o n  response of t h e  SM can be a t t r i b u t e d  t o  t h e  
e x c i t a t i o n  of s h e l l  modes of the SM i n s e r t  and adapter s t r u c t u r e  by t h e  
f l u c t u a t i n g  pressures  a c t i n g  on t h e  SM w a l l s .  Evidence supporting t h i s  
conclusion is  presented i n  t he  RMS h i s t o r i e s  of r a d i a l  v ib ra t ion  and 
f l u c t u a t i n g  pressures of f igu res  4.7-17 and 4.7-18. A comparison of. 
t hese  two p l o t s  shows very good t i m e  c o r r e l a t i o n  between t h e  RMS h i s t o r i e s  
of radial v i b r a t i o n  and f l u c t u a t i n g  pressure. 

Power s p e c t r a l  ana lys i s  of v ib ra t ions  recorded from SAOO86D and 
SA0088D shows v ib ra t ion  energy concentrated a t  330 cps ( f ig .  4.7-19). 
Spec t r a l  ana lys i s  of data from S A O O 8 p  shows similar concentrations. 
All r a d i a l  v i b r a t i o n  datzL from t h e  BP-15 spacecraf t  show good agreement 
with BP-13 spacecraf t  da t a  ( f i g s .  4.7-19 and 4.7-20). The narrow-band 
ana lys i s  shown i n  f i g w e  4.7-19 shows energy concentrated a t  resonant 
frequencies which were determined i n  ground v ib ra t ion  t e s t i n g  of t he  
BP-9 spacecraf t  (a similar b o i l e r p l a t e  vehic le )  ver i fy ing  t h e  conclusion 
t h a t  t h e  observed response was t h a t  of s h e l l  mode-response. 

The low l e v e l  of SM s t r a i n  da ta  (33  pin. /in. R E )  recorded during 
t h i s  f l i g h t  i nd ica t e s  t h e  observed shell-mode e x c i t a t i o n  d i d  not pro- 
duce stress levels which would damage the  BP-15 spacecraf t  s t ruc tu re .  
Strain-gage power s p e c t r a l  d e n s i t i e s  are -presented i n  f i g u r e  4.7-21 
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and show a low level of strain energy. 
power spectral densities show energy concentrations at the same fre- 
quencies. 

The SM strain and acceleratior.. 

RCS engine nozzle vibration.- The BP-15 spacecraft was provided 
with an instrumented simulated RCS quad assembly. A detailed descrip- 
tion of the RCS assemblies is given in section 4.8. 
were mounted in the CW engine nozzle. The instruments were located as 
shown in figure 4.8-5 with both accelerometers ranged at e0Og. 
nozzle X-axis accelerometer SAOOglD had a frequency response range of 
20 to 1,000 cps, and the accelerometer SA0092D had a frequency response 
range of 20 to 450 cps. 

Two accelerometers 

The 

The RMS histories of nozzle vibrations are presented in 
figures 4.8-19 and 4.8-20. 
presented in figure 4.7-17 show excellent time correlation with the 
R.E histories of nozzle vibration which indicates that both SM and 
nozzle vibrations are excited by the same forcing functions. 
design-load factors for these nozzles were 135g, 0-to-peak, at the 
.center of gravity of the nozzle. 
lel to the vehicle X-axis and perpendicular to the nozzle centerline 
in the vehicle Y-Z plane. 

The RM3 histories of SM radial vibration 

Dynamic 

The load factors were applied paral- 

Maximum acceleration value recorded from the nozzle X-axis measure- 
ment (SA0091D) was 174g, 0-to-peak, (T4-73.7 sec). Maximum acceleration 
value in the radial direction (SA0092D) was 160g, 0-to-peak, T+48 see). 
Correcting these maximum values to the design load condition (G levels 
at nozzle center of gravity) yields a rnaximum of l5lg parallel to the 
X-axis, and l3gg in the radial direction. The recorded values of 
acceleration in both directions were above the RCS-mount-assembly design 
values. Resultant accelerations significantly higher than design values 
can be determined by vectorial summation of the X-axis and radial nozzle 
ac c elerat ion s . 

Powzr-spectral-density analysis of the nozzle X-axis and radial 
vibrations are presented in figures 4.8-21 and 4.8-22 and show the 
majority of the energy to be concentrated at frequencies which can be 
associated with nozzle cantilever modes of vibration. 

Vibration records from the nozzle and SM accelerGmeters do not 
give any indication of a structural failure of the RCS assembly. Fur- 
ther analysis is required to determine the significance of these vibra- 
tions. 

Strain gages.- There were six strain gages mounted on the space- 
craft structure. Two strain gages wer5 nounted in the SM and four in 
the adapter. The SM strain gages were located to measure the circum- 
ferential tensile and compressive strains in the frames. The adapter 
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s t r e i n  gages were loca ted  t o  measure longi tudina l  t e n s i l e  and compres- 
sive s t r a i n  i n  the s t r inge r s .  

The s t r a i n  gages i n  t h e  SM were loca ted  on t h e  inner  f lange  of t h e  

A 
The adepter  s t r e i n  gages were loca ted  on the inner  f lange  of 

frame a t  X 
+Z-axis. 
the  tee-sect ion s t r i n g e r s  on the  Y- and Z-axis a t  XA 736 a t  a rad ius  

of 76 inches. Locati.ons of SM and adapter  s t r a i n  gages are shown i n  
f igu re  4.7-16. 
table 8.1-1. 

940.4 and c i rcumferent ia l ly  a t  62.25' and 77.25' from t h e  

Strain-gage ranges and frequency response are shown i n  

Data v a l i d i t y  from t h e  s t r a i n  gages i s  quest ionable  af ter  ~ + 8 5  sec- 
onds due t o  the  presence of thermal s t r a i n .  
znalyzing the  Emount of thermal s t r a i n  present  i n  t h e  s t r u c t u r e  i s  avzil- 
a31e. 

No accura te  method of 

The SM strain-gage system w a s  ranged for  k5OO pin./ in.  A t i m e  
h i s t o r y  of the S M  s t ra in  recorded by inst.rument numbers SA2121S and 
SA2120S i s  shown i n  f i g u r e  4.7-22. The s t r a i n  gage i d e n t i f i e d  as 
SA2121S began t o  measure dynamic s t r a i n  a t  approximately 0 .1  second 
a f t e r  S- I  i g n i t i o n  with a peak-to-peak value of 110 p,in./in. a t  
T+O seconds. 
onds a t  which time t h e  s t r a i n s  were too  low t o  be read. Beginning a t  
T+41 seconds, t h e  dynamic s t r a i n  increased t o  a maximum value of 
l3O pin./ in.  peak-to-peak, a t  T+49 seconds, and then tapered  o f f  t o  
zero a t  approximately T+gO seconds. 
s t r a i n  data recorded from SA2121S a t  a t i m e  s l i c e  from T+48 t o  T+5O sec- 
onds showed t h a t  t h e  m a x i m u m  energy w a s  concentrated around 330 cps,' as 
shown i n  f i g u r e  4.7-21. The o s c i l l a t o r y  s t r a i n  recorded from instrument 
SA2120S showed gene ra l ly  t h e  same t rends  as SA2121S except t h e  m g n i -  

. tude w a s  somewhat smaller. .This can be seen i n  the RlB t i m e  h i s t o r i e s  
of  t h e  s t r a i n  data recorded from t h e  two gages shown i n  figure 4.7-23. 

The s t r a i n  decreased from T+O u n t i l  approximately T+6 sec-  

A power-spectral ana lys i s  o f  t h e  

The quasi-steady s ta te  l e v e l  of t h e  s t r a i n  data from the two SM 
s t r a i n  gages was determined by u t i l i z i n g  a 21-point averaging data 
processing rout ine  (see sec t ion  7.4). From t h i s  ana lys i s ,  it was deter- 
mined that the  quasi-steady state s t r a i n  ind ica ted  by SA2120S w a s  smll 
untll T+52 seconds a t  which time the  quasi-steady state s t r a i n  increased 
t o  approximately +4O win. /in. and then gradual ly  decreased t o  zero a t  
approximately T+73 seconds. Instrument SA2121S indica ted  zero quasi- 
steady s t a t e  s t r a i n  until T+54 seconds, a t  which t i m e  it decreased t o  
approximately -20 pin. /in. and then gradual ly  increased t o  zero a t  
approximately ~ + 6 7  seconds. This change i n  quasi-steady state s t r a i n  
i s  shown i n  figure 4.7-24. The va r i a t ion  of quasi-steady state s t r a i n  
i n  the serv ice  module frames may be a t t r i b u t e d  t o  t h e  inf luence of t h e  
change i n  t h e  circumi'erential  s t a t i c  pressure d i s t r i b u t i o n  r e s u l t i n g  
from t h e  change i n  Mach number and a l t i t u d e  with time. 



8 

I 

4-65 

The adapter  strain-gage system was ranged from *500 pin./ in.  The 
time h i s t o r i e s  of t h e  s t ra in  measured by t h e  four adapter  gages a r e  
shown i n  f i g u r e  4.7-25. 
t h e  s t a t i c  s t r a i n  (due t o  lg a x i a l  load) of -18.4 pin. / in .  a t  t h a t  
locat ion.  
a t  approximately T+67 seconds from instrument AA0197S. 
s t r a i n  data, t h e  quasi-steady state f l i g h t  loads,  a x i a l  force,  and 
bending moment a t  s t a t i o n  XA 736 were determined. A time h i s t o r y  of 

these  loads  a r e  presented i n  f igu re  4.7-26. In  r e f e r r i n g  t o  these  loads,  
it should be r e a l i z e d  t h a t  t h e  accuracy of t he  loads determined from 
strain-gage d a t a  i s  questionable because of t h e  low mgni tude  of loads  
and strains experienced during t h e  f l i g h t .  

The data given i n  t h i s  f i g u r e  do not include 

The maximum compressive s t ra in  measured was -120 pin. /in. 
From t h e  adapter  

Overall  dynamic loads through t h e  launch phase of  t he  f l i g h t  a t  
t h e  adapter  s ec t ion  were shown t o  be very small, having a mximwn RM5 
value of 5 pin./in. During holddown, however, t he  adapter  experienced 
s t r a i n s  of 80 pin./ in.  peak-to-peak, with a m a x i m u m  RMS value of 
10 pin. /in. 
mined from a 21-point averaging rout ine)  with real-t ime t o t a l  s t r a i n  
p l o t s  w a s  made. This comparison shows very small d i f f e rences  between 
s teady-s ta te  and t o t a l  strains, ver i fy ing  t h e  conclusion t h a t  no s ign i -  
f i c a n t  o s c i l l a t o r y  bending moments were produced i n  t h e  adapter. 

A comparison of s teady-s ta te  adapter s t ra in  l e v e l s  (deter-  

Examination of a l l  strain-gage data ind ica t e s  t h a t  t h e  s t r u c t u r e  
performed adequately i n  t h e  f l i g h t  environment encountered. 

F luc tua t ing  pressure.-  The f l u c t u a t i n g  pressures generated by t h e  
tu rbu len t  flow over t h e  spacecraft  SM were measured by means of 13 pres- 
sure transducers.  
w i t h  the frequency response of each shown i n  table 8.1-1. The trans- 
ducers were mounted so as t o  sense pressures on t h e  SM e x t e r n a l  surface. 
Locations of t h e  transducers are shown i n  f i g u r e  4.7-16. 

The pressure range of a l l  transducers w a s  0 t o  15 p s i a  

Recorded pressures a t  l i f t - o f f  were i n v a l i d  s ince  t h e  ambient 
s t a t i c  pressure w a s  a t  t h e  upper l i m i t  of t h e  transducer range. A s  
dynamic pressure increased during the f l i g h t ,  there  was a gradual in-  
crease i n  f l u c t u a t i n g  pressure amplitude u n t i l  W5O seconds, when a 
sudden decrease occurred ( f i g .  4.7-18). The t r end  of t h e  data around 
T+50 seconds is  assoc ia ted  with changes i n  t h e  charac te r  of the l o c a l  
flow a t  t h i s  free-stream k c h  number (0.9) and has been v e r i f i e d  by 
wind-tunnel tests. After T+5O seconds, t h e  l e v e l s  agtiin gradually in -  
creased through maximum dynamic pressure  (T+73 sec) .  
dynamic pressure decreased, t h e  f l u c t u a t i n g  pressure l e v e l s  decreased. 

A s  t h e  free-stream 

The h ighes t  noise level  measured was i n  t he  v i c i n i t y  of an RCS 
nozzle. 
d id  not show t h e  drop of f  a t  T+5O seconds ( f i g .  4.7-18(d)) exhib i ted  by 

The f luc tua t ing  pressure h i s t o r y  i n  t h e  area around t h i s  nozzle 



. 
the data'obtained from all other transducers. This is attributed to 
the unique locatlon of this transducer which was directly beneath a 
forward-facing RCS nozzle as shown in figure 4.7-16 (measurement SAO165P). 

R E I  pressure histories from all fluctuating pressure transducers 
Ere shown in figure 4.7-18. 
environment with Apollo design environment for several spacecraft zones 
is given in figure 4.7-27. 

A comparison of flight-measured noise 
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Figure 4.7-2.- Detail of cornmand module-setvice module interface 
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launch-vehicle instrument unit internal pressure 
(flight measured data). 
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Figure 4.7-11.- Possible air leakage path caused by fracture of explosive bolt. 
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4.8 React ion Control Subsystem 

An instrumented reac t ion  cont ro l  subsystem (RCS) package w a s  car-  
r i e d  on the BP-15 spacecraf t  i n  order  t o  de f ine  the aerodynamic heat ing 
and v ibra t ion  l eve l s  t o  be exFerienced by t h e  RCS package during launch. 
This information w a s  not ava i l ab le  from any previous f l i g h t s ,  wind-tunnel 
tests,  o r  hardware-development tests. 

Description.-  The RCS fo r  t he  BP-15 spacecraf t  consis ted of one in-  
strumented, simulated RCS quad  assembly and th ree  uninstrumented, simu- 
lated quad assemblies, a l l  located a t  Xs 294 on t h e  serv ice  module (SM). 

The instrumented u n i t ,  quad A, w a s  located near t he  -Z axis a t  187.25' 
as shown i n  f i g u r e  4.8-1. 
were located a t  successive 90' i n t e rva l s  from quad A. 

The uninstrumented un i t s ,  quads B, C, and D, 

Quad A, shown i n  f igu res  4.8-2 and 4.8-3, consis ted of four  simu- 
lated RCS engines, t he  insulated quad housing, and t h e  engine-supporting 
bracket.  The quad housing was fabr ica ted  from 2024T3 aluminum, 
covery of a housing f a b r i c a t i c n a l  e r r o r  necess i ta ted  the  add i t ion  of a 
4.50-inch by 5.50-inch by 0.25 inch aluminum p l a t e  under t h e  clockwise 
( C W )  r o l l  and counterclockwise (CCW) roll engines f o r  s t r u c t u r a l  purposes 
( f ig .  4.8-2). These aluminum p l a t e s  w i l l  not  be on prototype hardware. 
In  a l l  o tner  respec ts ,  t h e  hoLsing was prototype hardware. A one-quarter 
inch thickness  of cork insu la t ion  w a s  bonded t o  the  outer  sur face  of the  
housing for  thermal protect ioc.  The engine-supporting bracket w a s  fab-  

The d i s -  

r i c a t e d  from 6061~6 aluminum and was a prototype item, 
were fab r i ca t ed  from L-605 co lba l t  base s t e l l i t e  superal loy and consis ted 
of a c y l i n d r i c a l  combustion ckamber and a nozzle which were welded to -  
gether  a t  an expansion area r a t i o  (Ae/At) of approximately 7.7. The com- 

hust ion chambers had a c h a r a c t e r i s t i c  length (L") of 8.5 inches. 
f o u r  engines w e r e  i den t i ca l .  
chamber i n  seve ra l  respec ts  as listed i n  table 4.8-1. 
a r e  compared v i sua l ly  i n  f i g u r e  4.8-4. The in j ec to r  heads were f a b r i -  
cated. from aluminum. The design of t he  BP-15 spacecraf t  engine i n j e c t o r  
head differed s u b s t a n t i a l l y  from that of a prototype i n j e c t o r  head be- 
cause of the necess i ty  f o r  passing the instrumentation leads through it. 
Although the  design w a s  "boi lerplate" ,  the thermal capacitance and t h e  
heat-transmission c h a r a c t e r i s t i c s  of t h e  BP-15 spacecraf t  i n j e c t o r  heads 

The chambers' 

A l l  
The chamber differed from the prototype 

The two chambers 

'The chamber i s  defined a s  that por t ion  of t h e  engine i n  which the 
propel lan ts  r eac t  and high-temperature gas flow occurs. The cnamber con- 
s is ts  of a combustion chamber, t h roa t ,  and nozzle ( f ig .  4.8-2). An engine 
cons i s t s  of t h e  chamber and i t s  assoc ia ted  in j ec to r  head and n l v e s .  



4-130 

were e s s e n t i a l l y  t h e  same as f o r  a prototype i n j e c t o r  head. 
valves and l i n e s  were not :installed for t h i s  f l i g h t .  The engine was 
mounted t o  t h e  q a d  housing a t  the  i n j e c t o r  head so  t h a t  t he re  w a s  no 
d i r e c t  contact  between t h e  chamber and t h e  housing. 
phenol ic-f iberglass  laminate in su la t ing  washer reduced thermal conduc- 
t i o n  between t h e  i n j e c t o r  head and t h e  housing. 
shown schematically i n  f i g u r e  4.8-5, i s  i d e n t i c a l  f o r  prototype hardware. 

Propel len t  

A 0.060-inch-thick 

The method of mounting, 

Quads B, C,  and D were dummy assemblies. The engines cons is ted  of 
s o l i d  4140 s t a i n l e s s  s teel  combustion chambers and t h r o a t s  which were 
overwrapped with a phenol ic-f iberglass  laminate. The laminate extended 
t o  form the nozzle as shown i n  f i g u r e  4.8-6. These dummy engines were 
heavier  than  t h e  Quad A engines, bu t  were similar i n  aerodynamic config- 
u ra t ion  and were of t h e  sane configurat ion as those flown on t h e  BP-13 
spacecraf t ,  
4130 s t a i n l e s s  steel .  

The quad hous ings were fab r i ca t ed  from 0,160-inch-thick 

Instrumentation.-  The RCS lnstrumentation f o r  the BP-15 spacecraf t  
cons is ted  of 16 temperature sensors mounted on t h e  p o s i t i v e  pi tch (+P),  
CCW r o l l ,  and negat ive p i t c h  (-P) engines,  and on t h e  housing s t r u c t u r e ,  
as shown i n  f igu res  4.8-7 t o  4.8-9. %o accelerometers w e r e  mounted i n  
t h e  CW roll engine nozzle 1:fig. 4.8-8). Tne +P, CCW, and -P engines had 
temperature sensors  located on the  nozzle ,  engine f lange ,  i n j e c t o r  head, 
and on t h e  housing immediately below t h e  engine. The +P and CCW engines 
a l s o  have temperature sensors mounted i n  t h e  combustion chamber j u s t  up- 
stream of t h e  throa t .  A temperature sensor w a s  mounted on the underside 
of t h e  quad housing roof and on the  engine-supporting bracket.  The t e m -  
pera ture  sensors  on t h e  in,jector heads and on t h e  engine supporting 
bracke t  were r e s i s t a n c e  thermometers. The o the r  temperature sensors  

I were Chromel-Alumel thermocouples contained i n  a 8-inch-thick columbium 

sheathed case with i n t e r n a l  insu la t ion  of magnesium oxide. The thermo- 
couples were mechanically clamped t o  the chambers and housing. 
was no d i r e c t  contact  of t h e  Chromel-Alumel thermocopule wires wi th  the  
sur face  of the cnambers o r  housings. The thermocouple mounting arrange- 
ment and d e t a i l s  of t h e  thermocouple design are shown i n  f i g u r e  4.8-10. 

There 

The two accelerometers xere mounted i n  t h e  CW engine nozzle perpen- 
d i c u l a r  t o  t h e  engine a x i s ,  as shown i n  f i g u r e  4.8-11. 
measured both i n  the d i recz ion  of spacecraf t  X-axis and i n  t h e  d i r e c t i o n  
of an ax i s  approximately perpendicular t o  t he  spacecraf t  X-axis. Epoxy 
po t t ing  compound w a s  added t o  secure the accelerometer cables t o  t h e  CW 
engine nozzle, 

Vibration w a s  

RCS temperature.- - Since no RCS temperature da t a  from t h e  BP-13 
spacecraf t  mission o r  from wind-tunnel tests were ava i l ab le  f o r  compar- 
ison with FP-15 spacecraf t  data,, a t h e o r e t i c a l  ana lys i s  w a s  performed t o  



pred ic t  t h e  maximum temperatures which would be a t t a i n e d  on the BP-15 
spacecraf t  RCS package. This ana lys i s  pred ic ted  maximum temperatures 
a t  t h e  nozzle e x i t  planes of  the +P, CCW and -P engines of 2,180' F, 
2,000' F, and 1,800' F, res:?ectively, which occurred a t  T+154 seconds. 
The predic ted  values a t  t h e  various sensor loca t ions  are l i s t e d  and 
compared wi th  measured values i n  t a b l e  4.8-11. The l a rge  discrepancies, 
evident between predic ted  a:id a c t u a l  values ind ica t e  e i t h e r  s i g n i f i c a n t  
e r r o r s  i n  t h e  a n a l y t i c a l  approach used f o r  t h e  temperature pred ic t ions  
o r  i nva l id  temperature data. 

Examination of t h e  temperature da ta  ind ica t e s  t h a t  13 of t h e  16 
The thermocouple tenpera ture  sensors functioned during t h e  mission. 

l oca t ed  L inch from t h e  exi-; plane of t h e  +P engine nozzle (measurement 
SR3877T) d id  not funct ion,  and no da ta  were obtained f o r  t h a t  location. 

The time-temperature da t a  from t h e  15 functioning sensors are shown 
i n  f igu res  4.8-12 t o  4.8-14,, grouped by engine. 
from t h e  engine-supporting 'tiracket and t h e  underside of the quad-housing 
roof are shown indiv idua l ly  i n  f igu res  4.8-15 and 4.8-16. 
p l o t t e d  as a ?-point average of t n e  ind iv idua l  data points .  

The thermocouple data 

The da ta  are 

A f t e r  an i n i t i a l  temperature drop r e s u l t i n g  from aerodynamic cooling, 
t h e  temperature of . t h e  +P engine began t o  increase  a t  T+40 seconds. 
imum temperatures of 603' F and 745' F, as shown i n  f i g u r e  4.8-12, were 
reached a t  t h e  +P engine thi-oat and flange, r e spec t ive ly ,  a t  approximately 
T+132 seconds. Maximum temperatures of approximately 1,080" F and 830' F, 
occurring a t  Ti-154 seconds, were predic ted  f o r  t n e  t h r o a t  and f lange,  
The +P engine i n j e c t o r  head, which w a s  the h o t t e s t  of t h e  t h r e e  i n j e c t o r  
heads monitored, reached a maximum temperature of 159' F a t  T+850 seconds. 
This is  wel l  below the  predjcted value of 360' F. 

Max- 

The CCW engine temperature data, f i g u r e  4.8-13, a l s o  show an i n i t i a l  
drop, with temperature rise beginning a t  T+40 seconds, similar t o  that 
of t h e  p o s i t i v e  P engine. A maximum temperature of 775' F was reached 
1 . 3  inches from the nozzle e x i t  plane of the CCW engine a t  Tt-150 seconds. 
This w a s  the highest  temperature recorded by any of t h e  sensors during 
t h e  f l i g h t ,  but is considerably l e s s  than  t h e  predict.ed value of 1,865' F. 
The CCW engine t h r o a t  temperature reached a maximum value of amroximately 
360" F a t  T+160 seconds, as compared with a predicted w l u e  of 1,300' F 
occurring a t  T+154 seconds. The CCW engine i n j e c t o r  head reached E. maxi- 
mum temperature of 142' F at, T+525 seconds and s t a b i l i z e d  at t h a t  point,  
w e l l  below t h e  pred ic ted  value of 382' F. 

The temperatures a t t a i r e d  on the -P engine were far below p r e d i c t e l  
values (see table 4.8-11), the highest temperature recorded for t h i s  en- 
gine being 205' F on t h e  nozzle occurring a t  T+200 seconds. 
i n j e c t o r  head reached a temperature of  approximately 116" F a t  T+850 se2- 
onds and was s t i l l  i nc reas i rg  slowly a t  t h a t  point.  

The -P engine 
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The c a p a b i l i t y  of the  quad housing and supporting bracket t o  modu- 
la te  t h e  i n j e c t o r  head temperatures by permitt ing t h e  heat t o  d i f f u s e  
throughout t he  s t r u c t u r e  i s  i l l u s t r a t e d  by t h e  r e l a t i v e  i n s e n s i t i v i t y  of 
i n j e c t o r  head temperature t o  engine flange temperature. Although f l ange  
temperatures var ied  from a maximum of 745' F on t h e  +P engine t o  a max- 
i m u m  of 122' F on t h e  -P engine, t h e  th ree  i n j e c t o r  head temperatures 
remained wi th in  50' F of one another through T+850 seconds. 
the three i n j e c t o r  heads and the engine-supporting bracket are shown i n  
f igu re  4.8-17. 
CCW engine i n j e c t o r  heads had a t t a i n e d  an equilibrium condition i n  which 
hea t  input  from t h e  chamber was equal t o  hea t  output t o  t h e  housing and 
engine-supporting bracket. 
w a s  s t i l l  increasing a t  T+850 seconds but w a s  s t a r t i n g  t o  peak a t  t h a t  
point.  
manner a t  T+830 seconds r e s u l t i n g  from hea t  input from both t h e  engine- 
supporting bracket and t h e  -P chamber. 
and -P engine housings, and of t n e  quad-housing roof are spown i n  f ig -  
ure 4.8-18. The maximum temperature d i f fe rence  between these fou r  
sensors  w a s  55' F during the high-heating per iod of launch; and a t  
T+85O seconds, t h e  four  sensors were within 25' F of one another,  i nd i -  
ca t ing  t h e  c a p a b i l i t y  of t h e  s t r u c t u r e  t o  d i s t r i b u t e  the hea t  input from 
t h e  chambers. 

Data from 

These da t a  ind ica t e  that by ~ + 8 5 0  seconds, t h e  +P and 

The engine-supporting bracket temperature 

!I!he -P engine i n j e c t o r  head w a s  s t i l l  increas ing  i n  a l i n e a r  

The temperatures of the +P, CCW, 

Because of t h e  discrepancies between predic ted  and measured tempera- 
tures, a s u b s t a n t i a l  amount of add i t iona l  ana lys i s  w i l l  be required t o  
evaluate f u r t h e r  t h e  instrumentation and t h e  a n a l y t i c a l  approach i n  order  
t o  relate t h e  data from the BP-15 spacecraf t  f l i g h t  t o  temperatures which 
w i l l  occur on la ter  f l i g h t s  w i t h  prototype and q u a l i f i e d  hardware. 
r e s u l t s  of t h e  a d d i t i o n a l  ana lys i s  w i l l  be given i n  a supplemental r epor t .  
Subs t i t u t ion  of prototype hardware i s  expected t o  r e s u l t  i n  increased 
nozzle temperatures s ince  the th inner  L-6@ nozzle w a l l  of t h e  prototype 
engine w i l l  have a lower thermal capacitance and an increased thermal 
r e s i s t a n c e  t o  hea t  conduction down and c i rcumferent ia l ly  around the 
nozzle. The aluminum i n j e c t o r  head temperatures w i l l  a l s o  be higher on 
prototype engines s ince  the 'thermal conductivity of t h e  molybdenum com- 
bus t ion  chamber i s  approximately n ine  times g r e a t e r  than  t h a t  of t h e  
L-605 combustion chamber of BP-15 spacecraf t ,  thus f a c i l i t a t i n g  g r e a t e r  
heat conduction i n t o  the  i n j e c t o r  head from t h e  chamber. The r e s u l t a n t  
prototype i n j e c t o r  head temperature increase  w i l l  be tempered by t h e  
addi t ion  of t h e  p rope l l en t  valves t o  t h e  i n j e c t o r ,  which adds thermal 
capacitance t o  t h e  in j ec to r .  The magnitude of these  temperature in -  
c reases  has not been es tab l i shed  a t  t h i s  time. 

The 

RCS v ibra t ion . -  The EMS time h i s t o r i e s  from t h e  two accelerometers 
mounted i n  t h e  CW engine nozzle are shown i n  f igu re  4.8-19 f o r  t h e  X-axis 
and i n  f igu re  4.8-20 f o r  the perpendicular ax i s .  
t o  increase a t  T+20 seconds, reaching 40g RMS a t  T+44 seconds i n  t h e  

Vibration response began 
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8 

X-axis, and reaching 
A sudden decrease i n  

51g REIS a t  T+49 seconds i n  the perpendicular ax i s .  
g l eve l s  w a s  experi.enced during t h e  per iod of T+49 

t o  T+54 seconds. 
of 47g i n  the X-axis a t  T+i’O seconds, approximately 45g i n  t h e  perpen- 
d i cu la r  a x i s  a t  ~ + 6 3  and T i 6 8  seconds. 
following maximum dynamic pressure,  and ne i the r  sensor indicated an out-  
put  beyond T+120 seconds. 
design l i m i t .  
between T+48 and T+50 seconds for tne  X-axis and perpendicular a x i s  a r e  
shown i n  f igu res  4.8-21 anc! 4.8-22. Most of t he  power i n  both axes was 

concentrated around l9O cps, a t  which frequency peaks of 100 t o  115 g /cps 
occurred. 
which can be expected with prototype hardware. 
i n  the r epor t  r e f e r  t o  sect.ion 4.7. 

The-RMS v ib ra t ion  l e v e l  tnen increased t o  a maximum 

The v ibra t ion  l e v e l  decreased 

The v ibra t ion  da ta  obtained were above tne 
Power-spectral-density p l o t s  f o r  a 2-second time period 

2 

Further analysis  i s  required t o  r e l a t e  t hese  da t a  t o  values 
For add i t iona l  ana lys i s  
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2 77.2 5' 
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View looking aft 
187.25 
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I +P kngine 

a 

-P engine I CI ockwi se engine 

Figure 4.8-1.- Location for service module RCS quads on BP-15 spacecraft. 
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Figure 4.8-2.- Service module RCS quad A on BP-15 spacecraft. 
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Prototype RCS engine 

Figure 4.8-4.- Spacecraft BP-15 quad A and prototype RCS chamber design. 
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Launch escape subsystem )I 
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Figure 4.8-7.- MSC coordinate axes and notation system for Apollo 
boilerplate and airframe, manned and unmanned spacecraft. 
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(Counterclockwise 

SR7134T (Counterclockwise 

(Counterclockwise engine injector) 

Nozzle 

Combustion chamber 
bAUUY I V  J m o a t A  

(Counterclockwise engine flange) 

-P engine 

(X-axis accelerometer) 

SR7183T 
(Quad housing roo0 

t 
4 . 5 8 ” b  Housing, 1- 

Clockwise engine 

SA0092D (Perpendicular axis 
accelerometer) 

I S R 5 0 6 5 T  (Engine supporting bracket) 

Figure 4.8-8.- Service module RCS package instrumentation locations 
for clockwise and counterclockwise roll engines, engine supporting 
bracket, and quad hous ng roof on BP-15 spacecraft. 
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S R 7 1 2 2 T  
(-P engine flange) 

I l l  I \  I 

L S R 5 8 7 7 T  
(+P engine nozzle) 

S R 7 1 7 5 T  
(-P engine nozzle) 

Combustion 
chamber SR587bT 

(+P engine throat) 
I S R 7 1 2 1 T  

Counterclockwise engine (+P engine flange) 

S R 7 1 8 3 T  
(Quad housing roof) 

-P 

S R 7 1 6 2 T  ‘ S R 7 1 6 0 T  1 L S R 5 0 6 S T  
(-P engine housing) 

Engine supporting bracket 

(+P engine housing? 

(Engine supporting 
bracket) 

Figure 4.8-9 .- Service module RCS package instrumentation locations for 
+P and -P engines, engine supporting bracket, and quad housing roof on 
BP-15 spacecraft. 
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Figure 4.8-11 .- Service module RCS accelerometers mounted in the clockwise 
engine nozzle on 3P-15 spacecraft. 
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4 .9  Acoustics 

The Apollo BP-15 spacecraf t  was instrumented t o  measure the  e x t e r i o r  
a~311stic environment during f l i g h t .  This environment consis ted of 
noise generated by t h e  launch vehic le  and noise generated aerodynamically 
Available wind-tunnel da t a  ( r e f .  6 )  on t h e  Apollo spacecraf t  configura- 
t i o n  indicated t h a t  t h e  aerodynamic noise environment could, for a nom- 
i n a l  Saturn t r a j e c t o r y ,  reach a maximum sound pressure l e v e l  (SPL) of 

16s decibe ls  (d3) (rei': 0.0002 dynes/cm ) a t  t h e  CM-SM i n t e r f ace .  This 
l oca t ion  was  instrumented on the  BP-13 spacecraf t  (ref.  lo), and a n  

2 SPL of 166 db (ref. 0.0002 dynes/cm ) was measured. It was an t i c ipa t ed  
t h a t  t h i s  sound pressure level  would a l s o  be measured on the BP-15 space- 
c r a f t .  

2 

Theref ore,  t he  BP-15 spacecraf t  was instrumented with t h i r t e e n  
f luc tua t ing  psessures and one microphone t o  verify the wind-tunnel pre- 
d i c t ions .  Eleven of the  f l u c t u a t i n g  pressures and thz microphone were 
i n s t a l l e d  on the se rv ice  module and two f luc tua t ing  pressures on t h e  
adapter. The transducers  are l i s t e d  and the  s p e c i f i c  l oca t ions  are 
indicated i n  f i g u r e  4.2-4 and table 8.1-1. 

The p iezoe lec t r i c  microphone sensed the  appl ied  d i f f e r e n t i a l  
pressure,  i . e . ,  pressure va r i a t ions ,  and converted the  pressure t o  a 
l i n e a r  vol tage t h a t  vas  proport ional  t o  SPL. 

The f l u c t u a t i n g  pressure t ransducers ,  however, were absolute  pres- 

The pressures  were converted t o  a l i n e a r  voltage.  
sure  gages. The instrument sensed the  s t a t i c  pressure and tk s t a t i c  
pressure va r i a t ions .  
Since the  pressure t ransducer  hsd t o  accommodate atmospheric pressure 
a t  l i f t - o f f ,  a n  instrument w i t h  a 0 t o  15 psia range w a s  used. T h i s  
range determined a I G w e r  l i m i t  f o r  useable f luc tua t ing  pressure da ta .  

A B&K spectrum analyzer  w a s  used t o  make overall and one-third 
octave band SPL time h i s t o r i e s  for t h e  frequency c a p a b i l i t i e s  shown i n  
t a b l e  8.1-1. 
data .  By co r re l a t ing  an  osci l lograph recording with t h e  reduced data ,  
t h i s  discrepancy was reduced t o  a s y s t e m a t i c  e r r o r  of 0 .4  second. 

A t i m e  discrepancy was apparent i n  t h e  reduced microphone 

The o v e r a l l  SPL level time h i s t o r y  for the  microFhone i s  presented 
i n  f igu re  4.9-1. 
w a s  ign i ted  at  T-2.4 seconds and reached a m a x i m u m  of 1 4  db 

2 ( re f .  0.0004 dynes/cm ) a t  T+l second. 
sound pressure level decreased u n t i l  i t  dropped below t h e  instrumenta- 
t i o n  capabi l i t ies  a t  B l O  seconds. 

The launch vehic le  noise  began when t h e  launch vehic le  

As t he  vehic le  accelerated,  t h e  

c 

c 



A one-third octave band ana lys i s  or' t he  launch vehic le  noise a t  
W l  second i s  presented i n  f igure  4.9-2. This analysis shows t h a t  the  
maximum SPL had a broad band spectrum and i s  r e l a t i v e l y  f l a t  from 
1-25 to 600 CPS. 

Figure 4.9-3 i s  a comparison of t he  overall launch vehicle  noise  
time h i s t o r i e s  for BP-15 and BP-13 spacecraf t ,  and dep ic t s  t he  s i m i -  
l a r i t y  between BP-15 and BP-13 launch vehic le  SF'L. 
dif ference between the  two curves. 

There i s  very  l i t t l e ,  

The aerodynamic noise  measured on t h e  BP-15 spacecraf t  was less 
severe than t h e  noise levels measured on BP-13. The SPL exceeded t h e  
ambient instrumentat ion nois? a t  W32.5 seconds ( f ig .  4.9-1) and con- 
t inued t o  increase t o  a 149 3ecibe ls  peak a t  W43 seconds. 
then  decreased t c ,  140 db a t  T+47.5 seconds. 
from N47.5  t o  W49.5 seconds; therefore ,  a one-third octave band 
ana lys i s  was made a t  W49.5 and i s  presented i n  f i g u r e  4.9-4. 
rap id  increase has been experienced during wind tunnel  t e s t i n g  of t he  
Apollo vehicle  ( ref .  6 )  and has been r e l a t e d  t o  l o c a l  sonlc f l o w  con- 
d i t i o n s  a t  the  vehicle  shoulder. 

The SPL 
An 18 db increase occurred 

This 

During supersonic flow, the  BP-15 spacecraf t  SPL remained a t  approx- 
imately 150 db through t h e  n a x i m u m  dynamic pressure range. 
seconds, t he  aerodynamic SPI, dropped t o  140 dbt which ;,s considered i n -  
s ign i f i can t .  

A t  W100 

A r igorous explanation for t he  lower aerodynamic l e v e l s  indicated 
has not been resolved. The vehicle  configurat lons were similar for 
BP-15 and BP-13 spacecraft,,  but t h e  t r a j e c t o r i e s  produced a dir ' ferent  
angle of a t tack and dynamic pressure time history. I n  addl t ion ,  the 
f luc tua t ing  pressures were relocated t o  a i d  i n  s t r u c t u r a l  analysis. 
Because of these d i f fe rences ,  including the  instrumentation lower l i m i t  
c a p a b i l i t i e s  described above, add i t iona l  i nves t iga t ion  and study will 
be required before  a so lu t ion  i s  obtained. 

F luc tua t ing  pressure 3 a t  XA 1000 and 329.25" and f luc tua t ing  

pressure a t  X 
and the  high dynamic p r e s s r e  range. 

973 and 277.5" were very a c t i v e  during t ransonic  f l i g h t  A 
See sec t ion  4.7. 

In  summary, t h e  launch vehicle  noise  f o r  BP-13 w a s  similar t o  t h a t  
for B'P-13 spacecraf t .  Both reached a maximum of 148 db. (See f ig .  4.9-3.) 
The aerodynamic noise  neasured on t h e  BP-15 microphone resched a mxi- 
mum of 158 db ( f i g .  4.9-1) dhich i s  less severe than t h e  BP-13 microphone 
measurement which vas 164 d b  a t  t h e  same time i n  f l i g h t .  This  d i f f e r -  
ence may be r e l a t e d  to t h e  3 i f f e r e n t  t r a j e c t o r i e s .  
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4.10 Heat Pro tec t ion  

The hea t  p ro t ec t ion  on the  BP-15 spacecraf t  consisted of epoxy- ' 

impregnated cork covering the  forward sec t ion  of t h e  command module and 
the  RCS housing and s i l i c a - f i l l e d  Buna-N rubber covering t h e  t r u s s  
members of t he  la-mch-escape subsystem. 

The forward sec t ion  of t he  b o i l e r p l a t e  command module was covered 
with varying th icknesses  ( f i g .  4.10-1) of cork-based thermal in su la t ion .  
This was t o  prevent t he  aluminum skin of the command module from exceeding 
t h e  design temperature of 250" F during t h e  powered f l i g h t  phase of t h e  
mission. 

X 133.72 because of t h e  a b l a t i v e  q u a l i t i e s  of t he  f ibe r -g l a s s  radome. 

The a f t  hea t -sh ie ld  area was not exposed t o  the  launch environment, 
and thus no heat p ro tec t ion  w a s  required.  

No thermal i n s u l a t i o n  was required between X c l 1 5 .  94 and 

C 

The command module (CM), service module (EN), i n s e r t  and adap te r  
were not instrumented f o r  sk in  temperatures. 

Calorimeters mounted flu.sh with t h e  e x t e r i o r  w a l l  of' t h e  CM and SM 
were used t o  measure launch-heating r a t e s .  A desc r ip t ion  of t h e  launch- 
hea t ing  environment i s  covered i n  sec t ion  4.11, Aerothermodynamics. 

The hea t  p ro t ec t ion  f o r  t he  launch-escape tower cons is ted  of Euna-N 
rubber (60 percent s i l i c a  f i l l e d )  covering the  t r u s s  members. 
p l i e s  of rubber were b u i l t  up eccen t r i c  t o  the  s t r u c t u r a l  tube with the  
maximum th ickness  i n  t h e  region or' highest heating. Truss members per- 
pendicular t o  t h e  flow were protected by a maximum th ickness  of 
0.375 inch of rubber .  
maximum of 0.3 inch of rubber. 
tower truss members and the  loca t ion  of the  temperature sensors.  
Sensors were mounted o n . t h e  metal sur faces  and covered wi th  the  Buna-N 
insulat ion.  

Several 

Legs and diagonal members were protected by a 
Figure 4.10-2 shows the  launch-escape 

Figure 4.10-3 shows the measured temperatures a t  t h e  i n t e r f a c e  of 
the  rubber and t h e  metal. sur face  (bond l i n e )  during powered f l i g h t .  
The f i g u r e  ind ica t e s  t h a t  a t  t h e  t i m e  of tower j e t t i s o n  t h e  maximum 
bond-line temperature on the  diagonal member was 101" F. 
mented truss members which were perpendicular t o  t h e  a i r  flow indica ted  
a maximum temperature of 89' F. The bond-line temperatures of the  mem- 
be r s  p a r a l l e l  t o  t he  a i r  flow d id  not exceed 90" F. The temperature of 
t h e  t r u s s  member neares t  t h e  U S  motor nozzle d id  not exceed 90' F a t  
the time of tower j e t t i s o n .  Temperatures measured during Apollo mission 
A-101 (BP-13 spacec ra f t )  were wi th in  10" F of the  above temperatures. 

Both i n s t r u -  
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Aeordynamic hea t ing  prodiiced a maximum truss-member bond-line 
temperature which was less than 20 percent of t h e  design l i m i t  (550" F). 
The th ickness  of t he  ab la t ive  ma te r i a l  necessary t o  withstand t h e  design 
l i m i t  temperature was ca lcu la ted  f o r  t h e  most severe thermal condition 
t h a t  t he  launch escape subsys-;em might experience. This design condition 
would occur not only i f  t he  tlmr were exposed t o  aerodynamic hea t ing  
during the  powered f l i g h t  phase but a l s o  if' it were enveloped by the 
launch-escape rocke t  plume, with its heating and erosion, dur ing  an 
abor t .  There was no abor t  during t h e  A-102 mission, and at  the  time 
t h e  U S  separated from the co:mnand module by t h e  alternate mode of 
t m e r  j e t t i s o n ,  t he  t r u s s  mem'bers  had reached maximum temperatures appre- 
c i a b l y  below t h e  s t r u c t u r a l  design l i m i t .  
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Fiber-glass radome / 

h 0 - 16" thick cork 

\\\-- 7 X 0 8 2 . 7 5  

/ 
Conical heat shield 

Xc24.12-  
A f t  heat shield 

xco .oo - 
X c - 1  . 3  

Figure 4.10-1. - Command module heat protection for 
BP-15 spacecraft. 
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4 . 1 1  Aerothermodynamics 

I n  order  t o  def ine the  launch heat ing environment, 20 asymptotic 
ca lor imeters  were i n s t a l l e d  on the spacecraf t :  12 on the command module, 
7 on t h e  serv ice  module, and 1 on the  adapter  s ec t ion  ( f ig s .  4.11-1 and 
)+. 11-2). 
rates both i n  c lean a reas  and i n  the  v i c i n i t y  of var ious surface i r r e g -  

Instrumentation loca t ions  were se l ec t ed  t o  determine hea t ing  

;jlarities. 
;I-,- command module and 0.9 B t u / f t  /see on the  serv ice  module are similar 
t l T  t h x e  obtained an the  BP-13 spacecraf t  ( r e f .  I )  and a r e  i n  agreement 

The maximum measured heat ing rates o f  7.2 Btu/ft'/sec on 
2 

-;th pred ic ted  VaLUeS (ref .  4). 

A l l  calor imeters  appeared t o  funct ion normally through l i f t - o f f ;  
however, the  calor imeter  located on the serv ice  module behind t h e  f o r -  
ward RCS nozzle d id  not respond t o  t h e  main heat  pulse a t  'rt-60 seconds. 
The calor imeter  i n  t h e  same pos i t i on  a l s o  
the  BP-13 spacecraf t .  

fa i led  during the  f l i g h t  of 

spacecraf t  i s  shown i n  f i g -  
the  BP-13 spacecraf t .  The 

d i a z e t e r  exceeded 10 and had 7 

"he f l i g h t  environment f o r  t h e  BP-15 
ure 4.11-3 and i s  very similar t o  t h a t  of 

Reynolds rx ibe r  Sased on the  raxinm, 5 d y  
4 decreased t o  5 X 10 a t  s taging.  Hence, tu rbulen t  flow was expected 

throughout that por t ion  of t h e  t r a j e c t o r y  during which heat ing occurred. 
A Mach number of 9.5 was reached a t  the  time of s taging.  
heet ing rates were genera l ly  a t t a i n e d  a t  a Mach number of 3.7 and a 

The peak 
/ 

b Reynolds number of 4 X 10 . 
The angle of a t t a c k  began a gradual ' increase  a t  about W80 seconds 

and continued t o  increase throughout the  hea t ing  period ( f ig .  4.11-4). 
A more severe incsease occurred between T t l 3 O  and W135 seconds. A l -  
though Q-ball da t a  during t h i s  por t ion  of t h e  f l i g h t  are not  very 
accura te ,  t h e  data ind ica te  the  above t rends.  
of a t t a c k  a r e  also indicated by the  calor imeter  data. 

These t rends  i n  angle  

Command module heat inc.  - The heat ing rate h i s t o r i e s  recorded by 
the  command module calor imeters  are presented i n  f i g u r e  4.11-5 and are 
grouped t o  show circumferent ia l  va r i a t ions ,  va r i a t ions  along conica l  
elements, and the  inf luence of var ious sur face  i r r e g u l a r i t i e s .  

4 

A t  a l l  loca t ions ,  t he  major hea t  pulse w a s  experlenced from w60 
to "-145 seconds wi th  peak values occurring between W100 and W112 

seconds. 

t i o n  of calor imeters  7 and 12  t o  3.3 Btu/ft2/sec a t  t h e  loca t ion  of 

Peak heat ing values var ied  from 7.2 Btu/ft2/sec a t  the  loca- 
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calorimeter 2,  All ca lor imeters  except those along t h e  180" con ica l  
element (2, 4, and 11) experienced a second peak a t  approximately 
T+135 seconds. The hea t ing  recorded by calorimeters 2, 4, and 11 
dropped sharply as t h e  heating a t  t h e  loca t ions  of t h e  o the r  c a l o r i -  
meters approached t h i s  second peak. A t  T+135 seconds t h e  Mch  number 

was about 7 and t h e  Reynolds number was about 2 X Id. 
An examination of c i rcumferent ia l  va r i a t ions  and va r i a t ions  along 

conica l  elements i nd ica t e s  an  angle-of-attack e f f e c t  on l o c a l  hea t ing  
which is  cons i s t en t  wi th  the t rends  of t h e  &-bal l  data. This e f f e c t  i s  
i l l u s t r a t e d  i n  f i g u r e  4 . l l - 5 ( h )  which shows t h e  c i rcumferent ia l  va r i a -  
t i o n  i n  hea t ing  a t  X,74. Calorimeters 1 and 3 loca ted  on t h e  windward 

side received the h ighes t  hea t  load, while calorimeter 2 on t h e  leeward 
side received the lowest. This same e f f e c t  can be seen on ca lor imeters  
11 and 12 a t  Xc27 ( f ig .  k . l l - ? ( i ) )  and on calorimeters 4, 5 ,  6, and 9 
a t  X 54 ( f ig ,  k , l l - ? ( j ) ) .  
T+100 seconds i s  attributed to the influence of the s c i m i t a r  antenna. 
The angle-of-attack increase  began t o  influence heating a t  approximately 
T+gO seconds. The second peak on t h e  windward calorimeters and t h e  cor- 
responding r ap id  decrease on t h e  leeward calorimeters (2, 4, and 11) 
occurred a t  t h e  same time (T+130 t o  T+135 seconds) as t h e  r ap id  increase  
i n  angle of a t t a c k  ( f i g .  4.11-4).  I n  t h e  per iod from T+gO t o  T+l23 sec- 
onds, t h e  loca t ion  of t h e  windward conica l  element var ied  between 360' 
and 345", and between 343' and 310' during t h e  per iod from T+l25 seconds 
t o  T+135 seconds. This movement of t h e  e f f e c t i v e  wind vector caused t h e  
second peak a t  the loca t ion  of calorimeter 3 t o  be higher than that  a t  
t h e  loca t ion  of calorimeter 1. 

The extended heat ing a t  calorimeter 5 after 
C 

The magnitude of t h e  heating a t  t h e s e  second peaks i s  cons i s t en t  
wi th  p red ic t ions  based on wind-tunnel data f o r  an angle of a t t a c k  of 
5' ( re f .  5) .  

Calorimeters 3 ,  9, and 12 located downstream of t h e  tower l eg  we l l  
ind ica ted  no s i g n i f i c a n t  influence of t h i s  sur face  i r r e g u l a r i t y  on 
l o c a l  heating ( f ig .  4.11-3(k)).  No sharp dropoff i n  heating a t  the  
loca t ion  of calorimeter 3 ,  similar t o  that experienced by t h e  BP-13 
spacec ra f t ,  w a s  experienced during t h e  f l i g h t  of BP-15 spacecraf t .  
(See f i g .  4.11-7(a).) It appears t h a t  a t  t h e  loca t ion  of ca lor imeter  3, 
t h e  flow w a s  separated after approximately 95 seconds on t h e  BP-13 space- 
c r a f t ,  whereas it w a s  a t tached  throughout t h e  heating period on t h e  BP-15 
spacecraf t .  

Calortmeters 2 ,  4, and 11 ( f ig .  4 . l l - 5 ( l ) )  i nd ica t e  no s i g n i f i c a n t  
e f f e c t  of t he  hatch cover on l o c a l  heating; however, examination of 
t h i s  f i gu re  subs t an t i a t e s  t h e  conclusions concerning angle of s t t a c k ,  



4 -187 

a 

The calor imeter  neares t  t h e  apex on the  leeward s i d e  (calor imeter  2 )  
would be t h e  first t o  respond t o  angle-of-attack e f f e c t s  as evidenced 
by reduced heat ing.  Tt-mis e f f e c t  can be noted during the  gradual  i n -  
crease i n  angle of a t t a c k  from T+gO t o  Wl25 seconds, as w e l l  as 
during t h e  rap id  increase s h o r t l y  the rea f t e r .  

A comparison of the  da ta  obtained at calor imeters  5 and 10 on t h e  
BP-13 and BP-15 spacecraf t  ( f i g s .  4.11-6(b) and 4 . 1 1 - 6 ( ~ ) )  ind ica t e s  
t h a t  the  upstream inf luence of t he  sc imi ta r  antenna was g r e a t e r  during 
the  f l i g h t  of t h e  BP-15 spacecraf t .  
approximately the  same on both vehic les ;  huwever, t he  locatrion of 
calor imeter  5 experienced a lower heat  pulse on t h e  BP-13 spacecraf t .  
During the  f l i g h t  of t h e  BP-15 spacecraf t  the  heat ing a t  calor imeter  5 
w a s  approximately equal  t o  t h a t  of the hea t ing  a t  calor imeter  10. 
(See f i g .  4.11-5(m). ) 

The hea t ing  a t  loca t ion  10 is  

The heat ing i n  t h e  v i c i n i t y  of t he  s t r ake  s tub  i s  i l l u s t r a t e d  i n  
f igu re  4.11-5(n). As on the BP-13 spacecraf t ,  calor imeter  8 r eg i s t e red  
heat ing rates lower t han  did calor imeters  6 and 7, which vere approxi- 
mately equal.  Further  ana lys i s  i s  required t o  determine t h e  reason 
for t h i s  d i f fe rence .  

The heat ing caused by the  LES motor during tower j c t t i s o n  i s  evident  
a t  a l l  loca t ions  a t  approximately ~ 1 6 0  seconds. 

Service module and adapter  heating. - The hea t ing- ra te  h i s t o r i e s  f o r  
t he  serv ice  module and adapter  calor imeters ,  presented i n  f igu re  4.11-7, 
were similar t o  those obtained on the BP-13 spacecraf t .  
compares the  heat ing i n  a "clean" area during the  two f l i g h t s .  

Figure 4.11-61:d) 

All serv ice  module calor imeters  recorded decrease i n  hea t ing  a t  
about T+135 seconds, aga in  r e f l e c t i n g  the  e f f e c t  of a sudden increase 
i n  angle or' a t t ack .  

As  during the  f l i g h t  of t he  BP-13 spacecraf t ,  calor imeter  13 
loca ted  on the  surface of t he  serv ice  module behind the forward RCS 
nozzle did not respond t o  the  main heat  pulse a t  T+60 seconds. How- 
ever,  t he  calor imeter  body-temperature h i s t o r y  indicated t h a t  t h i s  
area experienced higher  heat ing than any other  region on the  serv ice  
module, an observation which i s  cons is ten t  with pred ic t ions  based on 
wind-tunnel measurements ( r e f .  4 ) .  

With the  exception of' calor imeter  13, the  serv ice  module calorime2er 
body temperatures remained wi th in  6 percent of each o ther .  
ature f o r  calor imeter  13 was about 30 percent higher than the  body tern- 
Derature f o r  nearby calor imeters  18 and 20. 

Body temper- 

The maximum heat ing rates 
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for calor imeters  18 and 20 were about 30 percent h igher  than t h e  rates 
f o r  "clean" area calor imeters  such as calor imeter  16. 
and 4.11-7(a) t o  4.11-7(d). 

See f i g u r e s  4.11-8, 

Summary. - The launch heat ing environment of t h e  BP-15 spacecraf t  
was similar t o  tha t  of the BP-13 spacecraf t .  Peak values  a t  most l o -  
ca t ions  were approximately equal ;  however, the  inf luence of surface 
i r r e g u l a r i t i e s  as wel l  as circumferent ia l  va r i a t ions  i n  heat ing were 
somewhat d i f f e r e n t  during the  two missions. Heating rates on both the  
command and se rv ice  modules were within predicted values.  
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Figure 4.11-3.- Launch configuration environment in terms of Mach 
number (M) and Reynolds number (Re,,) for BP-15 spacecraft. 
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T, sec 
o Heat flux (calorimeter) 4 C A 0 5 8 3 R  55.3 M = l  
0 Heat flux (calorimeter) 5 C A 0 5 8 4 R  73.7 M a x q  
a Heat flux (calorimeter) 6 C A 0 5 8 5 R  149.9 S-IV ignition 

Heat flux (calorimeter) 9 C A 0 5 8 8 R  . . 160.2 Tower jettison . .  . .  . .  . .  . .  . .  . .  . .  

__--I 
220 260 

Elapsed time, sec 

(j) Calorimeters 4,5,6 and 9 

Figure 4.11-5. - Continued. 
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( 1 )  Calorimeters 2 , 4  and 11 

Figure 4.11-5. - Continued. 
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1, sec 
55.3 M = l  

o Heat flux (calorimeter) 1 C A 0 5 8 0 R  73.7 M a x q  
o Heat flux (calorimeter) 5 C A 0 5 8 4 R  149.9 S-IV ignition 

160.2 Tower jettison . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  
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(m) Calorimeters 1,5 and 10 
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(n) Calorimeters 6,7 and 8 

Figure 4.11-5. - Concluded. 
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I .  Heat flux (calorimeter) 10 C A 0 5 8 9 R  
Heat f lux (calorimeter) 10 C A 0 5 8 9 R  
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(c) B P - 1 3  and BP-15  calorimeter 10. 

1 Heat flux (calorimeter) 16 SA0555R 
Heat flux (calorimeter) 16 S A 0 5 5 5 R  
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(d) BP-13  and B P - 1 5  calorimeter 16. 

Fiqure 4.11-6.- Concluded. 
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4.12 Equipment Cooling 

Description. - The equipment cooling subsystem for the BP-15 space- 
c r a f t  consis ted of the equipment required t o  p ro tec t  c r i t i c a l  e l e c t r i c a l  
comDonents from over-heating. Thermal cont ro l  or' these  components w a s  
provided by  cabin-air  convective cooling and by coldplate  conductive 
cooling. There was no similarity between t h i s  subsystem and the  en- 
vironmental cont ro l  subsystem f o r  the  Apollo production spacecraft .  

The equipment cooling subsystem was a passive,  closed-loou heat-  
t r anspor t  system. The subsystem included five? co ldnla tes ,  a cabin-air  
heat-exchanger and fan,  a coolant s torage tank, an  accumulator, and a 
coolant pump. The e l ec t ron ic  equipment which w a s  mounted on t h e  cold- 
p l a t e s  consis ted of th ree  te lemetry FP ampl i f i e r  and transmitter pack- 
ages and two rada r  beacon transponders.  The coolant f l u i d  was a mixture 
of 40-percent water and 60-percent ethylene g lycol  ( spec i f i ca t ion  
MIL-E-3500). The water was d i s t i l l e d  and deionized, and the  mixture 
contained no inh ib i to r s .  
through a 35-micron absolute f i l t e r  located i n  the  ground support equip- 
ment. The subsystem schematic is  shown i n  f i g u r e  4.12-1. 

The water-glycol mixture was rec i r cu la t ed  

During the  prelaunch a c t i v i t i e s ,  the  equipment cooling subsystem 
was serviced with, and subsequently cool-ed by, the ground support equiF- 
ment (GSE) model S14-052, water-glycol cool ing uni t .  The GSE c i r cu la t ed  
cold water-glycol through the  spacecraf t  coolant s torage tank and main- 
ta ined  the  s tored coolant temperature below 20" F. During t h i s  same 
period, t h e  onboard coolant pump c i rcu la ted  the  cold water-glycol from 
t he  coolant s torage tank through the co ldpla tes  and the  cabin heat  ex- 
changer c o i l s .  The warmed coolant then returned t o  t h e  pump and passed 
through t h e  thermal cont ro l  valve (TCV). When t h e  coolant  temperature 
a t  the  pump o u t l e t  was less than  40" e" F, t h e  TCV routed the  coolant 
d i r e c t l y  t o  the  c o l d d a t e s .  When the  pump o u t l e t  coolant  temperature 
exceeded 40° f5" F, the TCV routed coolant f l u i d  by w a y  or' the s torage  
tank t o  t h e  coldplates .  Thus, i n  e f f e c t ,  a volume oy cold f l u i d  was 
withdrawn from the  storage tank t o  replace t h e  volume of w a r m  coolant.  
The temperature of the r ec i r cu la t ed  coolant t o  the co ldpla tes  was main- 
ta ined  below 40" k5" F, by the  use of t h e  TCV, u n t i l  t h e  temperature of 
the  coolant i n  t h e  s torage tank reached 45" F, a t  which t i m e ,  t he  TCV 
was maintained i n  t h e  open pos i t i on  t o  allow a l l  caolant  t o  flow from 
the  pump through t h e  tank and t o  t h e  co ldpla tes .  

Cooling of t h e  water.-glycol by GSE ceased a t  T-18 seconds when 
the  spacecraf t  umbilical  was disconnected. 
parameters which measured the subsystem performance was  a l s o  discon- 
t inued  a t  th i s  time. 
and a f te r  imb i l i ca l  disconnect. 

Monitoring of some of the 

Table 4.12-1 shows the  psrameters monitored before  

'UNCLASSIFIED 
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The equipment cooling subsystem w a s  designed t o  maintain t h e  cabin- 
air temperature belaw 100" F through launch and t o  maintain the  commun- 
i c a t i o n s  equipment below 150" F f o r  one o r b i t a l  pass, orovided t h e  coolant  
s tored  i n  the tank w a s  below 20" F a t  umbilical  disconnect.  These c r i -  
t e r i a  included a 60-minute hold a f t e r  umbil ical  disconnect.  

After  um5ilical  disconnect,  t he  spacecraf t  system continued t o  
c i r c u l a t e  the water-glycol.  A t  8 cabin pressure of 5.45 kO.5 ps ia ,  
two baroswitches turned off t h e  power t o  the  single-phase inve r t e r ,  
which powered the  cabin fan. When the  f a n  turned o f f ,  convective 
cooling of the  cabin ceased. 

The configurat ion of the  equ imen t  cool ing subsystem of the  BP-15 
spacecraf t  was similar t o  t h a t  of BP-13 spacecraf t .  
u ra t ion  change was that the  BP-13 spacecraf t  cabin temperature probe 
was re loca ted  t o  sense the  i n l e t  gas-stream temperature i n  the  cabin 
hea t  exchanger r a t h e r  than the  o u t l e t  gas-stream temperature. The 
probe was re loca ted  t o  ena'cle t he  sensing of a more representa t ive  gas 
temperature. 

The only config- 

Several hardware changes w e r e  made t o  t h e  system as a r e s u l t  of 
t h e  experience obtained from the  BP-13 spacecraf t  ground and f l i g h t  
t e s t s  and BP-15 spacecraf t  ground t e s t s .  The cabin heat-exchanger 
bypass valve on BP-15 spacecraf t  w a s  permanently posit ioned t o  bypass 
50 percent  of t h e  coolant eround the  heat-exchanger core.  On t h e  BF-13 
spacecraf t  t h i s  valve opemted t o  d e l i v e r  cold water-glycol t o  t h e  hea t  
exchanger core when t h e  cabin temperature w a s  greater than 70" F. 
B ~ l m  a cabin-air  temperature of' 70" F, 50 percent of t h e  water-glycol 
was bypassed around the  core. During t h e  BP-13 spacecraf t  checkout, 
t he  cabin-air  temperature taken a t  the  heat-exchanger o u t l e t ,  was  
found t o  be 45" t o  55" F. 
f o r  sustained operat ion of t he  batteries.  
f o r  t he  cabin f an  and coolant pump was manually programed during the  
BP-15 spscecraf t  launch countdown t o  maintain t h e  cabin a i r  temperature 
a t  approximately 75" F and the  co ldpla te -out le t  temperature below 
100" F ( f i g .  4.12-2). 

This temperature was judged t o  be t o o  cold 
A s  a r e s u l t ,  operation t h e  

The problems encountered during t h e  BP-13 spacecraf t  checkout, and 
t h e  anomaly i n  the operat ion of t h e  pwr~p during the  countdown and f l i g h t  
l ed  t o  seve ra l  changes i n  the  coolant pump f o r  t h e  BP-:L~ spacecraf t .  
The s t a i n l e s s - s t e e l  b a l l  bearings were ind iv idua l ly  inspected and 
se lec ted  f o r  conformance to the  ABEC type 7 bear ing code t o  maintain 
the i m p e l l e r  sha f t  alinement. 
r e s i n  and baked under vacuum t o  prevent oxidat ion or  corrosion of the 
s t a t o r .  I n  addi t ion ,  the notor  and pumps were assembled i n  a d r y  ni t rogen 
atmosphere, hermetical ly  sealed,  and shipped and s tored  i n  a d r y  nitrogen- 
filled sealed container  t o  prevent oxidat ion ( f i g .  4.12-3). 

The motor s t a t o r  w a s  sprayed with epoxy 

UNCLASSIFIED' 
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Performance.- The equipment cooling subsystem was operated as . 
planned during the  launch countdown. 
a t  a rate of 2.8 ga l lons  per minute t o  the  coolant  s torage tank. The 
onboard coolant  pump and cabin f a n  operated w i t h  no apparent malfunction. 
The coolant pump-outlet pressure was 31 p i g ,  ind ica t ing  normal pump 
operation. The low pump-outlet pressure and the high t o t a l  cur ren t  
measured during the  BP-13 spacecraf t  countdown were not evident  f o r  the 
BP-15 spacecraf t .  During the  countdown f o r  t he  BP-15 spacecraf t ,  manual 
programing of t h e  operat ion of the f a n  and pump was  used t o  maintain tk-e 
cabin-a i r  and coldplate  o u t l e t  temperatures wi th in  the  range des i red  
( f i g .  4.12-2). 
t aken  immediately p r i o r  t o  umbilical  disconnect are shown i n  t a b l e  4.12-11. 

The GSE c i r cu la t ed  16" F coolant 

The values of the equipment-cooling subsystem parameters ' 

The te lemet ry  data indicated that the cabin fan  w a s  turned off by 
t h e  barawsitches at T+334 seconds, as s h a m  by the  drop i n  the e lec t r ica l  
system t o t a l  cur ren t  f rm  42 t o  35 amperes. The cabin pressure a t  t h i s  
time was 5.3 ps i a ,  which i s  wi th in  the  spec i f ied  range and i n  agreement, 
w i t h  prelaunch testing. 

The cabin pressure rate of decay increased a t  n-161 seconds a t  the) 
time when the  launch-escape subsystem (US) explosive b o l t s  were f i red 
( f i g .  4.12-4).  

The BP-15 spacecraf t  did not  include gas-pressure-rel ief  o r  con- 
t r o l  valves, and during launch, pressure was re l ieved  by leakage through 
t h e  pressure s h e l l .  Cabin leakage was t o  be equivalent  t o  the flow 

from a 4- t o  --inch diameter hole.  

d e t a i l  regarding t h i s  change i n  cabin pressure decay rate. There was 
no s t r u c t u r a l  configurat ion s i m i l a r i t y  between the  b o i l e r p l a t e  cabin 
and the  production spacecraf t  cabin pressure shell .  

1 1 
2 See sec t ion  4 .7  for add i t iona l  

The te lemetry data indica ted  tha t  the coolant pump continued t o  
operate during t h e  launch and o r b i t a l  phases or' t h e  mission u n t i l  power 
deple t ion  w i t h  no apparent malfunction. The e l e c t r i c a l  equipment 
chass i s  temperatures ranged from 43' t o  50" F a t  launch and from 50" t o  
55" F a t  t h e  end of t h e  f irst  orbital  pass. 

The equipment cooling subsystem s a t i s f a c t o r i l y  f u l f i l l e d  the 
func t ion  required of the  subsystem during t h e  mission. 

UNCLASSIFIED 
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TABLE 4.12-1. - MONITORED EQUPMENT COOLING SUBSYSTEM PARAMrmERS 

~~ 

Ground support equipment 

Cabin air temperature 

Coldplate inlet coolant temperature 

Coldplate outlet coolant temperaturc 

Tank outlet coolant temperature 

Tank inlet pressure 

Pump outlet pressure 

GSE (S14-052 ) delivery t,emperature 

GSE (S14-052) delivery rate 

Telemetry 

Cabin air temperature 

Cabin interior pressure 

TM RF transmitter A temperature 

TM RF transmitter B temperature 

TM RF transmitter C temperature 

TM RF amplifier A temperature 

TM RF amplifier B temperature 

TM RF amplifier C temperature 

4 

UNCLASSIFIED 
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TABLE 4.12-11. - EQUIPMENT COOLING SUBSYSTEM PARAMETERS 

AT UMBILICAL DISCONNECT (T-18 SEC) 

Parameter 

Cabin a i r  temperature, OF . . . . . . . . . .  
Coldplate i n l e t  coolant temperature, OF . , , 
Coldplate o u t l e t  coolant temperature, O F  . . 
Tank o u t l e t  coolant temperature, OF . . , , . 
Tank i n l e t  pressure, psig . . . . . . . . . .  
PLrmp o u t l e t  pressure,  psig . . . . . . . . .  
GSE (S14-052) delivery t e m p e r a t u r e ,  OF . . .  
GSE (Sl4-052) del ivery rate, gallons 

per  min . . . . . . . . . . . . . . . . . .  

a 0  75 F, optimum 

b l ~ o  F, maximum 

Planned 

55 t o  looE 
40 f 5 

45 t o  50' 

70 ( m a 4  

20 

32 f 2 

A s  r e q u i r e d  

A s  r e q u i r e d  

4-21? 

Measured 

64 

40 

45 

30 

20 

31 

16 

2.8 

UNCLASSIFIED 



4-216 UNCLASSIFIED 

2 
J rn .- 
LL 

Y cc 
e 
0 a 
0 m a. 
v) 

I a 
m 
L 

Y- 
0 

U N  CLASS1 F I  ED 



0 

4-217 

0 0 0 
m 9 U 

(3 
!3 r( 

0': 
N 

0 0 
9 U 

0 m 0 
0 rl 



4-218 

L 

Y- 
0 

I cv 
rl 

d 
aJ 
3 
L 





t 

5.0 SA-7 LAUNCH-VEHICLE DESCRIPTION AND PERFORMANCE 

L 

7.1 Description 

The Saturn I is a two-stage launch vehicle consisting of stages 
S-I and S-IV, an instrument unit (IU), and various fairings and adapters. 
The total vehicle length is approximately 190 feet, consisting of an 
80.3-foot-long by 257-inch-diameter S-I stage, a 41-foot-long by 220-inch- 
diameter S-IV stage, a 4.8-foot-long by 154-inch-diameter instrument unit, 
and a 64.1-foot-long by 154-inch-maximum-diameter boilerplate spacecraft 
and launch escape subsystem (LES). 
presented in figure 7.1-1. 

. 

Vehicle details and dimensions are 

The S-I stage dry weight is 107,170 pounds with a propellant capac- 
ity of 850,000 pounds (lox and RP-1). Eight H-1 engines mounted in two 
clusters, four inboard and four outboard, produce a total sea-level 
thrust of 1.5 million pounds. 

The S-IV stage dry weight is 13,857 pounds with a propellant ca- 
pacity of 100,335 pounds (LH 
the S-IV stage produce a comgined thrust of' 90,000 pounds. 

and loxj. The six RLlOA-3 engines of 

The instrument unit contains most of the flight control equipment, 
including the vehicle inertial guidance and control system and the air- 
borne hardware of six tracking and four telemetry systems. The IU also 
has an integral power supply and distribution system, cooling systems, 
and a gaseous nitrogen supply system. The IU begins to function prior 
to lift-off to command S-I start sequencing and to maintain programhg, 
sequencing, and flight control through S-I and S - I V  stage operation. 

Vehicle telemetry systems are provided for each stage and the IU. 
These systems include.six airborne systems and one digital data acquisi- 
tion system for preflight checkout in the S-I stage, three systems in 
the S-IV stage, and four systems in the IU. 

5.2 Preliminary Flight Performance 

After 11 seconds of vertical flight, the launch vehicle began to 
r o l l  to the proper flight azimuth of 105" east of north and completed 
the maneuver at W25.7 seconds. At ~12.6 seconds, the preprogramed 
pitch-attitude profile was initiated and continued until T+136.3 sec- 
onds, at which time an essentially constant pitch attitude was main- 
tained until the initiation of active guidance at 17.3 seconds after 
separation of the S-I and S-IV stages. 
occurred at W147.4 seconds which was only 0.7 second later than nominal. 

The shutdown of the S-I stage 
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The actual trajectory parameters as compared with nominal were at that 
time about 122.6 ft/sec (37.2 r.i/sec) high in space-fixed velocity, 
1.19 nautical miles (2.2 lun) high in altitude, and 0.55 nautical mile 
(1.02 km) greater in range. 

Separation of the S-I and S-IV stages occurred at W148.2 seconds, 
followed by ignition of the S-IV stage 1.7 seconds later. 
rockets functioned as expected and were successfully jettisoned. Fol- 
lowing the initiation of closed-loop guidance, the vehicle was steered 
into a nearly nominal orbit after S-IV shutdown, which occurred about 
2 seconds later than had been predicted. 

A l l  ullage 

The overall performance of both the S-I and S-IV propulsion systems 
was highly satisfactory, with all engine parameters being near predicted 
values. A l l  four of the 3-1 retrorockets performed as expected. The 
total S-IV burn time was 1.3 seconds longer than predicted, as compared 
with the expected 20 dispersion of fll seconds. The S-IV common bulk- 
head pressure was steady at approximately 0.8 psia with no indication of 
leakage. 

Stability of the total vehicle during S-I stage flight was main- 
tained through utilization of the ST-124 stabilized platform and 
associated hardware. 
trol rate gyros in closed loop during this phase of flight. In addi- 
tion, the ASC-15 guidance computer was used for the first time to gen- 
erate the r o l l  and pitch program for s-I stage flight. A preliminary 
analysis of flight parameters indicated that all guidance and control 
hardware functioned in a satisfactory manner. Lateral load torques 
caused by wind were very small, and, consequently, the stabilizing kor- 
ques from the gimballed engines were small (0.50" deflection or less). 
The m a x i m u m  wind component, which occurred in the yaw plane, was only 
49.2 ft/sec (15 m/sec). Since the pitch program was designed for zero 
winds, the angles of attack were very small (1" or less during maximum 
dynamic pressure). A small aerodynamic r o l l  moment (approximately 3" roll 
attitude) was experienced during S-I stage flight which was similar to 
what had occurred on earlLer flights. Pitch and yaw disturbances during 
separation were very smal:, but at the start of separation a disturbing 
torque caused the roll rate to build up to a maxim of 2.3 deg/sec with 
a corresponding r o l l  attitude of /5" about 3 seconds after separation. 
Upon S-IV ignition, the corrective action of the engine actuators caused 
a m a x i m  rate overshoot to 6 deg/sec with very adequate damping. 
r o l l  rate observed would correspond to a 1.1" misalinement of one ullage 
rocket. 

This was the first test of the ST-124 and con- 

The 

At guidance activation, the S-IV vehicle attitude was changed from 
67" to 75" nose down withLn 21 seconds in response to adaptive steering 
commands. The lateral deviations accumulated during S-I burn required 

i 
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I 

I 
4 

maximum transients of 1.5'' and 6" in the X and Y commanded angles, 
respectively. Such transients are not considered severe. 

A preliminary analysis of orbital insertion conditions (S-IV cut- 
off plus 10 seconds) has indicated that the difference between the 
guidance computer value of space-fixed velocity and the value obtained 
from orbital tracking was 6.2 ft/sec (1.9 m/sec). The lateral velocity 
difference obtained was 14.8 ft/sec (4.5 m/sec) . Such comparisons are 
preliminary, and the uncertainty in these values is from 3 to 6 ft/sec. 

Very low bending moments (about one-fourth of the magnitude experi- 
enced during mission A-101) were observed during the flight. 
magnitude can be attributed to the low angles of attack experienced. No 
significant disturbances were noted during launch-escape subsystem (LES) 
jettison, but some first mode bending was observed after jettisoning. 

The low 

Base thermal and pressure environments for the S-I stage were 
similar to those experienced during mission A-101. 
of the S - I V  and S-I stages indicated slightly higher values than had 
occurred during mission A-101. 
to the faster trajectory flown on mission A-102. 

Skin  temperatures 

These higher values were probably due 

Overall performance of the launch-vehicle telemetry instrumentation 
system was good with only 8 of 1,233 measurements having failed completely. 

A complete detailed evaluation of the performance of the launch 
vehicle is given in reference 7. 
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Figure 5.1-1.- Apollo mission A 4 0 2  space vehicle 
showing cutaway views of launch vehicle. 
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6.0 82 CIJCWDING REMARKS 

All of the spacecraft test objectives for the Apollo mission A-102 
were fulfilled. 

The compatability of the spacecraft with the launch vehicle was 
further confirmed under launch and exit condition. 

Satisfactory engineering data, covering designated parameters of 
spacecraft environment for a Saturn V type launch trajectory, were ob- 
tained for use in verifying launch and exit design criteria. 

The launch-escape motor together with the pitch-control motor pro- 
pelled the launch-escape subsystem safely out of the path of the space- 
craft in a demonstration of the alternate mode of launch-escape tower 
jettison. 

Flight data from the instrumented simulated RCS quad assembly dif- 
fered from the values assumed for design criteria for the RCS. Addi- 
tional investigation and analysis will be necessary to complete the 
flight data and design criteria. 

Flight .data on spacecraft launch environment near the RCS quad A 
was insufficient for verifying criteria. Additional investigation and 
analysis will be required. 

The flight trajectory of the mission provided the launch environ- 
ment planned f o r  the mission. 

A l l  spacecraft subsystems performed the functions required for a 
sat i s factory miss ion. 
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7 . 0  APPENDIX A 

7.1 Prelaunch Operations 

7-1 

I n i t i a l  checkout of t he  BP-15 spacecraf t  was accomplished i n  t h e  
Apollo t e s t  and operations (ATO) area a t  the con t r ac to r ’ s  f a c i l i t y  a t  
Downey, Cal i forn ia .  F ina l  checkout terminated a t  Cape Kennedy, F lor ida ,  
with the  launch operat ion.  

The major tes ts  and operations performed on the  spacecraf t ,  o r  i n  
conjunction with spacecraf t  operations,  were conducted i n  accordance 
with t h e  deteiled Operational Test  Procedures (OTP). (See appendix B, 
sec t ion  8.2.) These procedures define the  step-by-step tes t  operations 
t o  be performed and t h e  response o r  values required f o r  approval, where 
appl icable .  
Downey, Cal i fornia ,  (ATO) and a t  Hangar AF and Launch Complex 37E3 fa- 
c i l i t i e s  a t  Cape Kennedy, F lor ida .  (See sec t ion  8.2. )  

The OTP’s were used throughout t he  checkout operations a t  

On March 6, 1964, the command module, se rv ice  module, i n se r t ,  
adapter,  and launch-escape tower were t r ans fe r r ed  t o  AT0 from the  
manufacturing f a c i l i t i e s .  The schedule of‘ milestone events f o r  t he  
BP-15 spacecraf t  during the  AT0 period i s  given i n  f i g u r e  7.1-1. 

The schedule of ground support equipment (GSE) modif icat ions and 
va l ida t ion  a t  Downey, Cal i fornia ,  i s  ind ica ted  i n  figure 7.1-1. BP-13 
spacecraf t  GSE e l ec t ron ic s  equipment w a s  used a t  Cape Kennedy r a t h e r  
than shipping add i t iona l  GSE e l ec t ron ic s  from Downey. 

Indiv idua l  subsystems tes ts  were performed from Apr i l  29, 1964, 
t o  May 11, 1964. Subsystems w e r e  programed for ind iv idua l  checkout 
during t h i s  per iod i n  coordination with modification work on the  ve- 
h i c l e  and assoc ia ted  GSE. BP-15 spacecraft subsystems tests differed 
from those of BP-13 spacecraf t  i n  t h a t  no s p e c i a l  measuring devices 
(SMD) o r  s p e c i a l  adapt ive devices (SAD) were used during t h i s  phase of 
t h e  BP-15 spacecraf t  operat ions.  

Stacking, alinement, and hookup took place between May 11, 1964, 
The spacecraf t  assemblies were mated and a l i n e d  i n  and May 18, 1964. 

t h e  Navajo tower and a l l  GSE w a s  connected i n  preparat ion f o r  t h e  in t e -  
gra ted  subsystems tes t .  P r i o r  t o  t h e  start of t h i s  phase of operat ions,  
t he  mass c h a r a c t e r i s t i c s  were determined f o r  each spacecraf t  module. A 
complete q u a l i t y  cont ro l  inspect ion by the  spacecraf t ’  con t r ac to r ‘ s  and 
NASA personnel was a l s o  accomplished. 

The in t eg ra t ed  subsystems t e s t  w a s  s t a r t e d  on May 19, 1964, and 
w a s  completed with t h e  exception of t he  last  10 s teps  (electromagnetic 
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in te r fe rence  (EM) t e s t s )  of t h e  procedure. The spacecraf t  equipment 
w a s  operat ing normally, bu t  t h e  pyro-subs t i tu te  u n i t  had grounding 
problems similar t o  those encountered during BP-13 spacec ra f t  checkout 
a t  Cape Kennedy. The in t eg ra t ed  subsystems t e s t  w a s  continued on 
May 25, 1964, u t i l i z i n g  f'used, 1-ohm r e s i s t o r  c i r c u i t s  t o  measure f i r i n g  
and/or t r a n s i e n t  s i g n a l s .  CEC recorders  were used t o  read the f i r i n g  
ind ica t ions .  The i d e n t i c a l  technique w a s  u t i l i z e d  previously a t  Cape 
Kennedy with t h e  BP-13 spacec ra f t .  The EM1 por t ion  of t h e  in t eg ra t ed  
subsystem t e s t  was then completed. 

Spacecraf t  removal from the Navajo tower was performed following 
debr ie f ing  and acceptance of t h e  in t eg ra t ed  subsystems t e s t .  The ser- 
v ice  module, i n s e r t ,  adapter ,  and a s so r t ed  GSE were shipped on June 3, 
1964, by the B-377 PG a i r c r a f t .  
tower were shipped on June 19, 1964. 
f o r  t h i s  shipment, because of t h e  non-ava i lab i l i ty  of an Air Force C-133B. 
The spacecraf t  and a s soc ia t ed  GSE were t ranspor ted  t o  Cape Kennedy with- 
out damage t o  t h e  equipment. 

The command module and launch-escape 
The B-377 PG w a s  also u t i l i z e d  

.The BP-13 spacecraf t  operat ions a t  Cape Kennedy, F lor ida ,  began 
wi th  t h e  rece iv ing  inspec t ion  of the  GSE and spacec ra f t  assemblies i n  
Hangar AF. P r i o r  t o  a r r i v a l  of t h e  spacecraf t ,  t h e  dec is ion  was made 
t h a t  no hangar tes t ing would be performed. This a l l e v i a t e d  the  need 
for removal and r e t u r n  of t he  BP-13 spacecraf t  GSE from Complex 37B. 
Figure 7.1-2 presents  t he  scheduled milestones f o r  t h e  BP-15 spacecraf t  
prelaunch opera t ions .  

The command and se rv ice  modules were mated i n  Hangar AF on June 22, 
1964. Fina l  i n s t a l l a t i o n  of t h e  adapter  a i r -condi t ion ing  b a r r i e r  was 
completed, and t h e  command and se rv ice  module assembly was mated t o  t h e  
adapter .  (See figure 7.1-3. The e n t i r e  s tack  w a s  then s ingle-poin t  
weighed and loaded on t h e  v e r t i c a l  t r anspor t .  
t ranspor ted  (in t h e  s tacked configurat ion)  t o  Complex 37B for  mating 
with the  launch vehicle  (SA-7) on June 26, 1964. Figure 7.1-4 shows 
the  spacecraf t  being hois ted .  

"he spacecraf t  was then 

The instrumented RCS quad assembly was received from Downey, 
Cal i fornia ,  and it was i n s t a l l e d  and checked out  immediately following 
the  mating of t h e  spacecraf t  with the  launch vehicle. 
comple-ted on June 29, 1964. 

This task was 

BP-15 spacecraf t  prelaunch operat ions were extended approximately 
2 weeks because of a s t ress -cor ros ion  problem i n  t h e  l i q u i d  oxygen dome 
of the S-I engines.  The e i g h t  engines were removed, reworked by the  
cont rac tor ,  s t a t i c  f i red,  and r e i n s t a l l e d  i n  the S-I stage. During this 
time, a s p e c i a l  tes t  w a s  performed a t  the  request  of MIT, for the  
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purpose of gather in? data which could be used t o  v e r i f y  cur ren t  design 
,-r i teria for GSE used i n  t h e  alinement or' t h e  s t a b l e  platform of the  
Tuidance and navigat ion subsystem while the  spacecraf t  was on t h e  pad. 

4 

Upon a r r i v a l ,  t he  launch-escape tower was t ranspor ted  t o  t h e  Merritt 
I s land  launch area (MILA) where t h e  assembly of the  launch-escape sub- 
system (LES) was completed i n  the ordnance s torage  bui ld lng .  
motors arrived a t  Cape Kennedy p r i o r  t o  r e c e i p t  of t he  launch-escape 
tower, A launch-escape motor g ra in  inspect ion using a boroscope was 
a l s o  performed a t  M I L A .  Upon completion of t he  LES assembly, t he  LES 
was weighed and balanced, and the  assembly w a s  t ranspor ted  t o  t h e  GE- 
Mark V I  s torage  bui ld ing  on Cape Kennedy, where it remained u n t i l  it 
w a s  mated t o  t h e  command module a t  Complex 3713 on August 16, 1964. 
Figure 7.1-5 shows the  LES being l i f t e d  f o r  mating. 

A l l  LES 

The spacecraft-launch vehicle  i n t eg ra t ed  t e s t s  began with t h e  
e l e c t r i c a l  mating and in t e r f ace  checks on August 7, 1964, and they  were 
successfu l ly  completed on September 15, 1964, w i t h  t he  countdown demon- 
s t r a t i o n  test .  Testing consis ted of ove ra l l  t e s t  1 (plugs i n ) ,  ove ra l l  
te'st 2 (plugs out and l i v e  ordnance i n ) ,  the  RFI tes t ,  and the  simulated 
f l i g h t  t es t .  

Following completion o f  the simulated f l i g h t  t es t ,  while removing 
t e s t  hardware, a broken tower separat ion b o l t  w a s  d i scmered  i n  the  LES. 
The U S  was demated from the  spacecraf t ,  and a l l  tower bolts were re- 
placed w i t h  the  imprclved b o l t s  which had prec is ion- ro l led  threads  t o  
minimize stress concentration. The r e s u l t a n t  e l e c t r i c a l  disconnection 
was of' p a r t i c u l a r  concern s ince it inva l ida ted  the  s imula t ed  f l i g h t  t e s t ,  
which i s  the  f i n a l  spacecraf t  readiness  t es t  p r i o r  t o  launch. The LES 
w a s  remated t o  the spacecraft on September 4, 1964, and a l l  e l e c t r i c a l  
cwmections w e r e  r eve r i f i ed  by i n i t i a t i n g  a tower j e t t i s o n  s i g n a l  from 
t h e  launch vehicle  instead or' rerunning the  simulated f l i g h t  test .  

One of  t he  major d i f fe rences  i n  the BP-12 spacecraf t  prelaunch op- 
e ra t ions  from those of BP-13 spacecraf t  was t h e  countdown demonstration 
t e s t .  
Space Center (KSC) f o r  t h e  purpose of increas ing  t h e  prof ic iency of the  
launch personnel and t o  insure  an on-time launch. 

This t e s t  was programed i n t o  t h e  SA-7 schedule by John F. Kennedy 

The BP-13 spacecraf t  prelaunch operat ions were completely suspended 
for a t o t a l  of 3 days because of severe weather condi%ions caused by 
hurr icanes Cleo and Dora. The space vehicle  remained on the launch pad 
within the se rv ice  s t r u c t u r e  with clam-shell doors c losed during t h e  
hurr icane periods,  and no damage w a s  sustained.  

A f l igh t - readiness  review, conducted on September 11, 1964, estab- 
l i shed  t h a t  t he  BP-15 spacecraf t  was acceptable f o r  launch. 
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The ove ra l l  BP-15 spacecraf t  prelaunch operation, both a t  Downey 
and Cape Kennedy:progressed smoothly. 
operat ion t h a t  experience gained during t h e  prelaunch operations of 
the  BP-l3 spacecraf t  was being u t i l i z e d  and t h e  methods were being 
improved. 

It w a s  evident  throughout t h e  
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Figure 7.1-5.- LES being lifted for mating to the spacecraft& Launch Complex 376, 
Cape Kennedy, Florida. 
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7.2 Launch Operations 

The T-1 day countdown began a t  7:30 a .m.  e . s . t .  on September 17, 
1964, a t  T-875 minutes, The spacecraf t  por t ion  of t h e  countdown, how- 
ever ,  d id  not  begin u n t i l  9:40 a . m .  e.s.t. and consis ted of tower-bolt  
ordnance e l e c t r i c a l  connection closeout and e l e c t r i c a l  ve r i f i ca t ion .  

The count w a s  resumed a t  T-12 minutes and progressed t o  T-5 minutes 
when a Range s a f e t y  hold w a s  c a l l e d  because of i n t e rmi t t en t  operat ion of 
t h e  Grand Turk I s l and  radar. Because of S-IV lox bubbling and spacecraf t  
battery l ifetime cons t r a in t s ,  t h e  count w a s  recycled t o  T-13 minutes, and 
t h e  spacecraf t  was t r ans fe r r ed  t o  ex te rna l  power. 
c u l t y  was encountered wi th  t h e  swing arm hydraul ic  test. This problem 

During t h e  hold, d i f f i -  

The usual T-1 day a c t i v i t i e s  performed on the BP-15 spacecraf t  were 
conducted on T-1 day of t h e  countdown demonstration tes t  on September 14, 
1964, thus  e l imina t ing  t h e  need t o  repea t  these  tasks .  

The f i n a l  countdown began a t  ll:25 a . m .  e . s . t .  on September 17, 
1964, a t  T-545 minutes,  with a planned T-0 time of 1O:OO a . m .  e .s . t .  
Figure 7.2-1 shows t h e  schedule of a c t u a l  and planned t i m e  f o r  t h e  t a sks  
performed during t h e  launch count. The spacecraf t  t e s t i n g  proceeded 
normally without any holds o r  equipment malfunctions. Only two events  
of major s ign i f i cance  occurred during t h e  count: 
encountered by the Range and Hangar S ground s t a t i o n  i n  d is t inguish ing  
the  C-band beacons responses because of multipath in te r fe rence  from t h e  
Pa t r i ck  A i r  Force Base radar, and t h e  o the r  w a s  an inadvertent  ac tua t ion  
a t  T-360 minutes of  t h e  serv ice  s t r u c t u r e  ad jus t ab le  &-level Firex system 
during removal of an  a i r  conditioning duct.  Approximately 50 percent  of 
the serv ice  module e x t e r i o r  was wetted. 

one was t h e  d i f f i c u l t y  

The count w a s  continued u n t i l  T-245 minutes when a hold w a s  c a l l e d  
because o f  the w e t  umbilicals. The water had en tered  one S - N  umbilical 
connector which, i n  tu rn ,  produced erroneous ind ica t ions  of S-IV engine 
e x c i t e r  firing. Power was removed from t h e  S-IV s tage ,  and t h e  moisture 
w a s  d-ried from t h e  connector. The count was resumed 69 minutes later. 

The count continued u n t i l  T-3O minutes when a scheduled hold began. 

Analysis of t h e  problem 
During t h i s  scheduled 21-minute hold, t h e  S-IV l i q u i d  oxygen ( l o x )  pre-  
pressur iz ing  r egu la to r  ind ica ted  a malfunction. 
ind ica ted  t h a t  the regula tor  w a s  operat ing s a t i s f a c t o r i l y ;  however, the 
hold had been extended 4 minutes longer than  scheduled. The count pro- 
gressed t o  T-12 minutes when it w a s  again in te r rupted  because of a m a l -  
functioning S-I hydraulic-pump temperature in t e r lock ,  which prevented t h e  
S-I  hydraul ic  pumps from being started. Since measurements indicated 
normal temperatures, t h e  in t e r lock  w a s  j m p e r e d  out i n  the  blockhouse 
d i s t r i b u t o r .  The t o t a l  hold t i m e  w a s  20 minutes. 
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w a s  corrected by a jumper i n  a blockhouse d i s t r i b u t o r  without adding t c  
the Range hold. A f t e r  50 minutes, t h e  r ada r  problem w a s  corrected,  and 
the  count resumed and was continuous through l i f t - o f f  which occurred a t  
11:22:43 a.m. e.s.t.  on September 18, 1964. 
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7.3 Range Operations 

The Network which provided telemetry and radar  support f o r  t h e  m i s -  
s ion cons is ted  pr imar i ly  of s t a t i o n s  of t h e  Eastern T e s t  Range augmented 
by Department of Defense and NASA s t a t i o n s .  
t h e  s t a t i o n s  i s  shown i n  table 7.3-1 f o r  telemetry,  and t a b l e  7-3-11 
f o r  C-band radar .  

The coverage provided by 

One day p r i o r  t o  launch, t h e  Antigua I s land  radar s i t e  was shu t  down 
because of a hydraulics system malfunction. The malfunction was cor- 
r ec t ed  i n  t i m e  t o  support t h e  second o r b i t a l  pass. Gr%nd Turk I s l and  
supported t h e  launch phase i n  l i e u  of Antigua. During t h e  countdown, 
the  Grand Turk I s l and  radar had a r e l a y  failure which snut  down t n e  
t r ansmi t t e r  and r e su l t ed  i n  a hold a t  T-3 minutes and a recyc le  t o  
T-13 minutes after t h e  r e l a y  was replaced. 
checkout tests,  the  P re to r i a ,  South Africa, telemetry s t a t i o n  w a s  not 
opera t iona l  a t  launch. The first v a l i d  o r b i t a l  determination by GSFC 
computers w a s  made on the  bas i s  of data from Carnarvon, Aus t r a l i a ,  on 
t h e  f i r s t  o r b i t a l  pass.  

On the b a s i s  of the network 

During t n e  mission, telemetry coverage was obtained on t h e  f irst  
four o r b i t a l  passes and p a r t  of t h e  f i f t h .  Radar transponder t racking  
w a s  obtained during t h e  f i rs t  two o r b i t a l  passes and p a r t  of the  th i rd .  
A f t e r  the transponders stopped operating, many of the network s t a t i o n s  
skin-tracked t h e  vehic le  on a programed schedule throughout i ts  l i fe-  
time of 59 o r b i t a l  passes. 
Ocean. 

The vehicle reentered  over the South Indian 

The times of acqu i s i t i on  and loss of telemetry recept ion  for each 
s t a t i o n  are given i n  table 7.3-1. I n  general ,  each s t a t i o n  reported 
horizon-to-horizon reception on all t n r e e  spacecraft links. The last 
s t a t i o n  to r e p o r t  reception of l i n k  C w a s  P r e t o r i a  during t h e  fou r th  
o r b i t a l  pass. The last station to report recept ion of l i n k  B w a s  H a w a i i  
i n  t h e  fou r th  o r b i t a l ' p a s s .  
l i n k  A w a s  H a w a i i  i n  t h e  f i f t h  o r b i t a l  pass. Link  A w a s  last  received 
a t  07:38:52 g. e. t. 

The last s t a t i o n  t o  r epor t  r ece ip t ion  of 

The times of acqu i s i t i on  and loss of C-band radar  recept ion  are 
presented i n  t a b l e  7.3-11. 
C-band transponders w a s  H a w a i i  during t h e  t h i r d  o r b i t a l  pass a t  
04:31:11 g. e. t. 

The last s t a t i o n  t o  r epor t  t rack ing  of t h e  

The following anomalies were noted i n  t h e  performance of t h e  
network : 

(1) Several of t h e  t racking  s t a t i o n s  experienced d i f f i c u l t y  i n  
lock-on t o  t h e  spacecraf t  transponder due t o  t h e  IU transponder oper- 
a t i n g  longer than ant ic ipated.  Several  sites seemed confused as t o  
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which s i g n a l  t o  t r ack ,  bu t  s ince  t h e  second r e t u r n  (spacecraf t  t r a n s -  
ponders) was t h e  s t ronger  s igna l ,  it was t racked instead of t h e  IU 
transponder. See sec t ion  9.1. 

( 2 )  Fgl in  A i r  Force Base, Flor ida,  on t h e  f i r s t  o r b i t a l  pass ,  was 
requested t o  sk in  t r a c k  r a t h e r  than in t e r roga te  t h e  beacon which w a s  
s t i l l  ac t ive .  Skin t r a c k  w a s  not obtained because of t h e  extreme range. 

( 3 )  White Sands Missile Range, New Mexico, te lemetry s t a t i o n ,  on 
t h e  f irst  o r b i t a l  pass ,  reported heavy mult ipath in te r fe rence  on l i n k  A 
( the  acqu i s i t i on  l i n k )  between 0" and 25" e leva t ion .  
var ied a l s o ,  possibly from spacecraf t  tumbling. 
constant signal s t r eng th  during t h e  second o r b i t a l  pass.  

The s i g n a l  s t r eng th  
Link A had a f a i r l y  

(4) P r e t o r i a  telemetry s t a t i o n  reported dropouts of 4 seconds and 
13 seconds durat ion on t h e  t h i r d  o r b i t a l  pass and l a t e  acqu i s i t i on  and 
a 15-second dropout of l i nk  C on the fourth o r b i t a l  pass. Links A and 
B were sa t i s f ac to ry .  

(7)  P r e t o r i a  te lemetry s t a t i o n ,  on the first o rb i t a l  pass, w a s  
unable t o  hold automatic t r a c k  te lemetry due t o  undetermined equipment 
problems. I n  switching t o  manual t r ack ,  no dropouts i n  recept ion w e r e  
experienced; however, high noise  was observed i n  some per iods of t h e  
t rack.  

(6) Grand Turk I s land  radar s t a t i o n  l o s t  contact  wi th  t h e  vehic le  
from 00:06:43 t o  00:07:55 g . e . t .  because of Bermuda in te r fe rence  on 
beacon recept ion.  

i 
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Acquis i t ion  Loss 

~ 

Cape Kennedy 03: 00: 00 

Patrick A i r  Force Ease, 00 :00 :16  
Fla. 

w a n d  B a r n  I s land  00: 01: 14 

ssn Salvador I s l a n d  w: 02: 25 

Grand Turk I s l a n d  03: 03 

Antigua Island 

Ascension Island 0021:10 

Pretoria, South Afr ics  00: 32: 25 
; 

BeImUd8 00: ob: 28 00: 11: k 3  

Carna-on, Aus t ra l ia  00: 54: 19 00: 59: b6 

Depanment of Defense Range 

Hawaii 01: lR29 01:21:29 02:53:57 02:56:29 04 :25 :23 

C a l i f o r n i a  01: 26: 33 01: 53:27 

White Sands Missile Range. 01:31:35 01: 36:23 05: 05: 23 03: 08: 35 
N. Mex. 

00: 09: 16 

00:07:h5 

00: 09: 58 

00: 10: 53 

am: 11: 55 

S t a t i o n s  

a:31:11 

01: 36: I:, 

01:j8:38 

O1:4:: 58 

01: 55: 15 

02:&:01 

Manned Smce Pl iPht  Wetwork 

4 
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7.4 Data Coverage and Availability 

7-19 

Data support ,  general . -  All da ta  requested by the  Apollo Spacecraft  
Trogram Office, Test  Evaluation Branch, MSC-Houston, f o r  t he  eva lua t ion  
of launch vehic le  and spacecraf t  perfomance are l i s t e d  i n  table 7.4-1. 

Respons ib i l i ty  f o r  acqu i s i t i on  and de l ive ry  of these  da t a  was 
divided between t h e  Kennedy Space Center (KSC) and the Goddard Space 
F l igh t  Center, F lor ida  Operations (GSFC-FO) . 
da ta  and GSFC-FO provided insertion-phase (Antigua ) and orbi ta l -phase 
data. Both Centers del ivered a l l  data t o  the  Data Section, Operations 
Support Branch, MSC-Florida Operations (OSB) f o r  handling and d i s t r i -  
but  i on. 

KSC provided launch-phase 

Telemetry osci l lograph recordings were annotated a t  OSB p r i o r  t o  
d i s t r i b u t i o n  t o  t h e  launch s i t e  ana lys i s  and repor t ing  team. Real-time 
te lemet ry  osci l lograph recordings were made ava i l ab le  t o  the  team wi th in  
hours af ter  l i f t - o f f .  

h u n c h  da ta  support. - Delivery of quick-look da ta  required by t h e  
ana lys i s  and repor t ing  team w a s  s a t i s f a c t o r y .  Magnetic tapes from 
!Telemetry Building 2 (Tel  2), Telemetry Building 3 ( T e l  3 ) ,  Mission 
Control Center (MCC), and Hangar S were all received within a time 
envelope of 1 t o  4 hours ( t ab le  7.4-1). 
from e1 2 were received within 1 hour after l i f t - o f f .  Quick-look 
processed da ta  p lo t s  (SC-4020 p l o t s )  of commutated and continuous 
channels were received 24 hours a f t e r  l i f t - o f f .  Telemetry s i g n a l  
s t r eng th  records were received between 5 and 6 calendar days af ter  
l i f t - o f f .  Delivery of engineering sequent ia l  f i lm i s  l a t e  a t  t h i s  . 

wri t ing  and thus  precludes a complete eva lua t ion  of photographic coverage 
a t  t h i s  t i m e .  

Real-time osci l lograph records 

Inse r t ion  and o r b i t a l  data support.- A 24-hour delay w a s  experienced 
i n  obtaining in se r t ion  phase te lemetry t apes  from Antigua. The delay 
w a s  a t t r i b u t e d  to breakdown of t h e  Air Force a i r c r a f t  scheduled t o  trans- 
po r t  da ta  from Antigua t o  Pa t r i ck  Air Force Base. 
o r b i t a l  tapes  provided by GSFC-FO were gene ra l ly  provided wi th in  the  
time frames spec i f ied .  

The msjor i ty  of 

Orbital phase t apes  from H a w a i i ,  Bermuda, Corpus Chr i s t i ,  and 
Egl in  were received at GSFC, Greenbelt, Maryland. Copies were forwarded 
d i r e c t l y  t o  MSC-Houston and a r r ived  a t  Ti-14 calendar days. A t  t he  
present  time, t h e  tape from Pre to r i a  has not arrived a t  GSFC. 
lay was caused by breakdown of successive A i r  Force a i r c r a f t  enroute 
t’rom Pre to r i a  t o  Washington, D. C. 

The de- 
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Photographic coverage. - Photographic coverage, including t h e  
quant i ty  of instrumentat ion committed and d a t a  obtained during the  
launch-phase, i s  shown i n  t a b l e  7.4-1. The t o t a l  requirements f o r  
engineering sequent ia l  camera coverage and usage are Shawn i n  
t a b l e  7.4-11. Locations of t he  engineering sequent ia l  cameras are 
shown i n  f igu res  7.4-1 and 7.4-2. 

An evalua t ion  of a l l  films received ind ica t e s  t h a t ,  of t he  s ix  
t racking  camera f i l m s  ava i l ab le  f o r  review, the  q u a l i t y  was gene ra l ly  
good wi th  respec t  t o  exposure, focus, and t racking ,  except f o r  one film. 
Film q u a l i t y  wi th  respec t  t o  o ther  camera and f i l m  defec ts  was good wi th  
the  following exceptions: 
provided no usable t iming image. 
focal- length t r ack ing  cameras and provided very  good coverage fran 
approximately 20 seconds a f t e r  l i f t - o f f  t o  approximately 32 seconds 
aFter LES j e t t i s o n  (~160.2 see ) .  
e n t i r e  space vehic le  t o  s tag ing  and then followed t he  S-I stage.  
Cocoa Beach and Melbourne Beach ROT1 cameras t racked t h e  e n t i r e  space 
vehic le  through S-I staging and then the S - I V  stage and the BP-15 
spacecraf t  through LES j e t t i s o n .  The Vero Beach ROT1 t racking  camera 
l o s t  t r ack  of t he  spacecraf t  a t  LES j e t t i s o n  but  did provide good 
coverage of t h e  spacecraf t  p r i o r  t o  and following tower separa t ion .  
The Cocoa Beach, Melbourne Beach, and Vero Beach f i lms  d id  provide 
s u f f i c i e n t  data t o  determine tumbling rates and approximate t r a j e c t o r y  
of the  j e t t i soned  M S .  The Grand Bhama Is land  IGOR camera provided 
no usable data on t h i s  mission. 

One film appeared very grainy, and two f i l m s  
Five of t he  films were from t h e  long 

The Pa t r ick  IGOR camera t racked the  

The other  f i lm available f o r  review provided a close-up view or' 
t h e  spacecraf t  a t  l i f t - o f f  and f o r  approximately 35 seconds of ear ly  
f l i g h t  . 

MSC-Houston da ta  reduction.-  Spacecraft  t e lemet ry  da t a  were pro- 
cessed a t  MSC-Houston by t h e  Computation and Analaysis Division (CAD), 

The tape copy used f o r  launch-phase da ta  reduct ion  (T-10 sec t o  approx- 
imately Who0 s e n )  was from t h e  Mission Control Center (MCC) telemetry 

, s t a t i o n ,  Cape Kennedy, Flsi., and w a s  received i n  Houston a t  W23 hours.  
The tape  copy used for reduct ion of insertion-phase da t a  (W400 see  
through i n s e r t j o n )  was  from Antigua Is land te lemet ry  s t a t i o n  and w a s  re- 
ceived i n  Houston a t  approx i i a t e ly  "72 hours. The f i rs t  package of 
engineering a n a l y s i s  p l o t s  from these  da t a  tapes  was provided t o  t h e  
evaluat ion team a t  ~ i - 6  calendar days. 
h i s t o r y  p l o t s  and t sbu la t ions  of acce lera t ions ,  s t r a i n  gages, e l e c t r i c a l  

root-mean-square (RMS) p l o t s  of low-frequency acce lera t ions ,  f l u c t u a t i n g  
pressures,  and r a d i a l  v ibra t ions .  Conical surface pressure c o e f f i c i e n t s  
were determined by using the  measured conica l  surface pressures  and the  

I with  support fram Instrumentation and E l e c t r i c a l  Systems Divis ion (IESD). 
I 

I me package contained time- 

I funct ions,  temperatures,  hea t  flux, conical  surface pressure coe f f i c i en t s ,  
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dynamic pressure based on the  measured atmospheric dens i ty  a t  the  time 
of launch. 
ava i l ab le  wi th in  "9 calendar days and contained one-third octave-band 
time h i s t o r i e s ;  power s p e c t r a l  d e n s i t i e s  (PSD) ; and one-third octave- 
band s p e c t r a l  analyses  of f luc tua t ing  pressures,  r a d i a l  v ibra t ions ,  
s t r a i n  gages, and acce lera t ions .  

A second package of engineering analysis p l o t s  was made 

The RMS, PSD, and one-third octave-band analysis p l o t s  were pro- 
duced us ing  the MCC tape.  Reduction of v ib ra t ion  da ta  was accomplished 
by both analog and d i g i t a l  methods. The PSD p l o t s  w e r e  produced on the 
d i g i t a l  computer and both  RMS, and one-third octave-band ana lys i s  p l o t s  
were produced using analog equipment. 

L i f t -of f  (T-0) w a s  es tab l i shed  as 11:22:43.26 a . m .  e . s . t .  as estab- 
l i shed  by launch vehic le  mbi l ica l  disconnect (17: 22: 43.26 G. m. t . ). 
Event times were presented on the  p lo ts .  The event  times indicated were 
the  best  information available a t  the  time of prepara t ion  of the  p lo t s .  
Prelaunch R and Z (Range and Zero) ca l ib ra t ion  values,  which vere  re- 
corded for t h e  continuous and high-level commutator parameters, were 
wi th in  2 percent  of t he  o r i g i n a l  values. 
r e s u l t  or' R and Z c a l i b r a t i o n  changes because the  change t o  the  da t a  
vould not  have been s i g n i f i c a n t .  
the  low-level commutator were not precise  measurements; consequently, 
they  could not be used f o r  data reduction. 

No cor rec t ions  were made as a 

The R and Z ca l ib ra t ions  recorded f o r  

The number and type of parameters processed f o r  BP-13 spacecraf t  
are compared wi th  parameters processed f o r  BP-13 spacecraf t  i n  
t a b l e  7.4-111. 

All processed pressure measurments were biased t o  read ambient 
Dresswe a t  launch. The acce lera t ions  were biased to read lg on the 
X-axis and zero-g on t h e  Y- and Z-axes. 

The d a t a  were processed and presented i n  accordance w i t h  require-  
ments established j o i n t l y  by t h e  Apollo Spacecraf t  Program Office and 
the  ana lys i s  and repor t ing  team subsystem ana lys t s  p r i o r  t o  the f l i g h t .  

Acceleration and strain-gage t ime-history d a t a  were processed and 
presented i n  two d i f f e r e n t  formats. 
changes of 3 percent,  o r  g rea t e r ,  of te lemetry f u l l  sca le  was superimposed 
on a bas i c  sample rate of one point  every  0.1 second. A second method 

u t i l i z e d t h e  same e d i t  rou t ine  af ter  a 21-point running average1 had 
t e e n  performed. 

An e d i t  rou t ine  t o  determine 

Data recorded by t h e  high-level  commutators, except f o r  RCS param-, 
eters,  were processed using an  e d i t  rou t ine  t o  determine t r a n s i e n t s  
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g r e a t e r  than  2 percent .  

r m t i n e  were superimposed on a bas i c  sampling rate of one every - second. 

These data were p lo t t ed  and pr in ted .  

The da ta  produced from t he  t r a n s l e n t  de t ec t ion  
1 
2 

1 The RCS temperatures were processed wi th  a ?-point running average 
and every point p lo t t ed .  
without perf oming  a running average. 

Every commutated data point  w a s  tabulated 

Every da ta  point  recorded by the  low-level commutator was processed, 
p lo t t ed ,  and pr in ted .  
calor imeter  and body temperature data ,  but  no e d i t  rou t ine  was performed. 

A ?-point running average was  performed on t h e  

An approximate 3-second drop-out i n  the  da t a  occurred on a l l  re- 
ceiving s t a t i o n  t apes  j u s t  p r i o r  t o  and during launch-vehicle s tag ing  
because or' flame a t t enua t ion  from the  S-I s tage  re t rorockets .  The same 
drop-out occurred on the BP-13 spacecraPt f l i g h t .  

MSC-Houston data processing anomalies.- 

a. The MCC tape, used for primary d a t a  reduct ion  a t  Houston, d i d  
not c a r r y  the  5-s tep VCO c a l i b r a t i o n  requi red  f o r  da t a  processing a t  
Houston. A s  a r e s u l t ,  it was  necessary t o  u t i l i z e  t h e  ground s t a t i o n  
bzmi-edge ca l ib ra t ions  recorded on the  MCC tape.  The adequacy of t h i s  
nrocedure w a s  v e r i f i e d  by comparing R and Z c a l i b r a t i o n s  recorded on t h e  
Hangar S tape with R and Z c a l i b r a t i o n  information recorded on t h e  MCC 
tape.  
system accuracies ,  and no bias was present.  

The values or' these  R and 2 c a l i b r a t i o n  da ta  were well with in  

b. The Hangar S tape was not used f o r , d a t a  reduct ion  a t  Houston 
because the  time information recorded on t h e  tape  w a s  direct-recorded 
as p a r t  of a composite. 
information recorded on the  tape incompatible w i t h  existing ground- 
s t a t i o n  equipnent s ince this  equipment r equ i r e s  that time information 
be recorded sepa ra t e ly  as ZL frequency modulated subcar r ie r .  

This procedure rendered t h e  e x t r a c t i o n  or' time 

e.  The tape  from Tel 2 was not used because the  tape  contained 
a dropout of approxlmately 5 t o  8 seconds a t  approximately Wl3O seconds 
vhiclh w a s  not apparent i n  any of the  other  te lemet ry  tapes .  

A running average is  accomplished by averaging 21 consecutive , 

1 

poin ts  and p r in t ing  t h i s  value versus t h e  time corresponding t o  the 
rr,iddie o r  e leventh point.  The number one da ta  point  i s  dropped, a 
new o r  22nd included, and a new average i s  produced and p r i n t e d  out  
irersus t;fie new midpoint. This i s  continued u n t i l  a l l  t he  data poin ts  
have been inzluded i n  an average. 

8 
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d.  The 100-kc reference frequency on t h e  tape copy from Tel 3 used 
a t  Houston w a s  approximately 1.7 kc high. 

Mzrshall Space F l igh t  Center data.  - Three spacecraf t  measurements 
were t ransmi t ted  through the  launch-vehicle telemetry system on a sing:-e 
side-band link. D s t a  from the  t h r e e  measurements were processed a t  
Marshall Space F l igh t  Center (MSFC) and forwarded t o  MSC-Houston. 
measurements are the  folluwing: 

The 

Launch- 
Iaunch- vehic le  

telemetry Spacecraft  ve h i c l e  
measurement measurement channel 

Adapter radial v ib ra t ion  no. 5 AAO@?D E3 73 -900 S3 - 13 -E 01 

Adapter r a d i a l  v ib ra t ion  no. 6 AAOOgOD E374-900 S3-14 
Service module acous t ic  ~ 7 6 0 ~  I69-900 53-12 

Lunch-vehicle  da t a  e s s e n t i a l  t o  t he  ana lys i s  of spacecraf t  per- 
formance were processed a t  MSFC and forwarded t o  MSC-Houston. 
vehic le  parameters processed f o r  MSC-Houston are l i s t e d  i n  t a b l e s  7.4-1V 
and 7.4-V. 

L3unch- 

All MSFC processed data were furnished i n  formats and engineering 
u n i t s  compatible t o  MSC analyses .  

4 
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Presentation mta type 

UNCLASSIFIED 

TABLE 7.4-1. - DATA AVAIIABILTI'Y 

Requested delivery Date/time received 
(a) (a 1 

I T+2 CD 

T+2 CD 

I Telemetry data from magnetic tapes 

Telemetry Building 2 

Telemetry Building 3 

Mission Control Center 

Hangar S 

Hangar D 

Grand P a h a  Island 

Antigua 

Ascension 

Eglin 

Retoria 

San Salvador 

Hawaii 

Bermuda 

California 

GuaYmaS 
Postlaunch instrumentation 
nessage 

L-in. magnetic tape 2 

5-in. 1 magnetic tape 

--in. 1 magnetic tape 

?-in. 1 magnetic tape 
2 

h n .  magnetic tape 

&-in. magnetic tape 

2-in. magnetic tape 

Lln. magnetic tape 

A-in, magnetic tape 

L-in. magnetic tape 

i-in. magnetic tape 2 
1-in. magnetic tape 
1-in. magnetic tape 
1-In. magnetic tape 
1-In. magnetic tape 

Report (Iwx) 

2 

2 

2 

2 

2 

2 

T+4 H 

T+4 H 

T+4 H 

T+1 H 

T+2 CD 

T+2 CD 

T+l2 H 

T+2 CD 

T+2 CD 

T+2 CD 

T+2 CD 

T+2 CD 

T+2 CD 

T+2 CD 

T+2 CD 

T+l CD 

T+l H 

T+!3 H 

T+3 H 

T+8 H 

Did not acquire 

T+1 CD 

T+2 CD 

T+4 CD 

T+4 CD 

(b) 

T+l  CD 

T+14 CD 

T+14 CD 

T+14 CD 

T+14 CD 

T+l CD 

Data on telemetry receiving station performance 
I I I 

Signal strength 
Telemetry data sheets 
(station logs) 

RECO r o l l  

Sheet 

T+(5 to 6)m 

T+5 CD (partial) 

Data from oscillograph 

I I I 
Telemetry Building 2 

Telemetry Building 3 

Real-time osc i llo- 
graph roll 
Pleyback copy 

T+l H 

n S H  

T+l H 

~+18 H 

aKey : 
CD - Calendar Day WD - Working Day H - H ~ W S  

bData requested but not received during the postlaunch reporting period. 
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Dsta type 

Hangar S 

Hangar D 

7-25 

Presentation Requested delivery Date/time received 
a) (a 1 

Real-time oscillo- T+2 H T+3 H 
graph 

oscillograph 
'Special real-time T+IZ R T+3 CD 

I -  

4 

SC 4020 plots  - 
roll copy 

SC 4020 plots  - book 

4 

T+5 H "1 CD 

T+10 H T+l CD 

TABU3 7.4-1.- DATA AVAILABILITY - Continued 

Continuous channels 

Continuous channels 

!C+l CD 1 T+2 CD Ttl.5 CD 

SC 4020 plots  - film 
SC 4020 plots  - book 

~- 

Commutated channels I SC 4020 plots-film I T+5 H 1 W l  CD 

Conmutated channels 

Conmutated channels 

A l l  launch vehicle 
measurements 

A l l  launch vehicle 
measurements 

SA-7 measurement program 

SA-7 ground and environ- 
mental measurement program 

Flash reports from ground 
and environmental measure- 
ment program 

Antigua 

Antigua 

Ground and environmental 
measurements 

bunch-vehicle data 

S C  4CQO plots  - book 
Calibration curves - 
books 

B x k  

Book 

Pase 

SC 4020 plot6 - book 

SC 4020 plots  - book 
SC 4020 plots  

T+2 CD 

T-0 

T-14 CD 

T-14 CD 

As available (not 
to exceed T+b CD) 

W3 CD 

T+b CD 

T+b CD 

T+i CD 

T-3 CD 

T-14 CD 

T-14 CD 

(b 1 

T+3 CD 

T+4 CD 

T+3 CD 

*Key: 
CD - Calendar Iky  WD - Working Day H - HOWS 

bTsta requested but not received dwing the  postlaunch reporting period. 
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Presentation rata type 

UNCLASSIFIED 

Requested delivery Date/time received 
(a 1 ( a )  

!CABLE 7.4-1.- DATA AVAILABILITY - Continued 

3 

Quick-look Ip transforma- 
t ion  (positive velocity 
acceleration) 

Quick-look Ip transfoma- 
t i on  (posit ive velocity 
acceleration) 

Quick-look IP transforma- 
t ion  (positive velocity 
acceleration) 

Quick-look Ip transfonna- 
t i on  (positive velocity 
acceleration ) 

Best estimate of 
t ra jec tory  

Aerodynamic parameters ' 

containing dynamic pres- 
sure, Mach number, 
Reynold's number/foot 

Aerodynamic parameters 
containing dynamic 
pressure, Mach number, 
Reynold's number/foot 

Final a t t i t ude  data 
(yaw, pitch,  roll) 

Final reduced f l i gh t  test 
data (coordinate system 1' 

Final reduced f l i g h t  test 
data (coordinate system 1: 

Final reduced f l i gh t  test 
data (coordinate system 2: 

Final reduced f l i gh t  test 
data (coordinate systmo 2: 

Final reduced f l i gh t  test  
data (coordinate system 3: 

aKey : 
CD - Calendar Dsy 

Magnetic tape 

I I M  printout 

lhgnetic tape 

IRM printout 

IRM printout 

I€&l printout 

Magnetic tape 

IEM printout 

Magnetic tape 

E?&? printout 

Magnetic tape 

IBM printout 

Magnetic tape 

T+6H 

T 6  H 

T+3 CD 

T+3 CD 

T+3 CD 

T+3 CD 

T+3 CD 

T+3 CD 

T+3 WD 

T+3 CD 

T+3 WD 

T+3 CD 

T+3 WD 

WD - Working h y  

T+l  CD 

T+1 CD 

T+1 CD 

T + 1 0  

(b 1 

bData requested but not received during the  postlaunch reporting period. 

H - H O U ~ S  

a 
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TABLE 7.4-1.- L W A  AVAILABIUFY - Continued 

mta type 

Final reduced f l i g h t  test 
data (coordinate system 3 )  

Flnal reduced f l l g h t  test 
data (coordinate system 4)  

Final reduced f l i g h t  test 
data (coordinate system 4) 

Position, velocity and 
special t ra jectory para- 
meters (orb i ta l  ) 

Position, velocity and 
special t ra jectory para- 
meters (orb i ta l )  

Preliminary estimate of 
data coverage 

Plotting board cherts 
(stations 1 and LCC 37) 

Plotting board cbarts 
(downrange s ta t ions)  

Orbital f l l g h t  parameters 

Radar beacon log (uprange 
ETR s i t e s )  

Radar beacon log 
(danu9nge 1 

(uprange 1 
Radar event record (DOD' 
s i t e s )  

Fledar event record 
(NASA s i t e s )  

Radar function record 
(includes signal strength 
ETR s i t e s )  

Radar event record 

Presentation 

IBM printout 

Megnetic tape 

DM printout 

D l  printout 

Ikgnetic tape 

Sheet 

Sheet 

Sheet 

I T Y  message 

Sheet (log format) 

Sheet (log fonmt)  

Str ip  chart 

Str ip  chart 

Str ip  chart 

Str ip  chart 

Requested delivery 
(a 1 

933 CD 

T+3 WD 

T+3 CD 

9 1 5  CD 

"15 CI) 

T+2 H 

T+l H 

T+2 CD 

T+b H 

T+1 CD 

!r+4 CD 

T + l  CD 

T+6 CD 

T+6 CD 

T+l CD 

CD - Calendar b y  WD - Working Day 

bmta requested but not received during the postlaunch reporting period. 

B - H o ~ e  

hte/time received 
(a 1 

T+6 CD 
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4 cameras positioned 
t o  provide 360' cov- 
erage of en t i re  
vehicle 

4 cameras positioned 
t o  provide 560" cov- 
erage of spacecraft 

14 cameras positioned 
t o  provide 360" cov- 
erage of f i r s t  stage 

I 

UNCLASSIFIED 

TABLE 7.4-1. - DATA AVAILABILZTY - Continued 

16 rum from T-20 min to  LOV 
( B  and W) 

Data type I 

2 cameras positioned T+5 CD 
90" apart  t o  be used 
to  study wind ef fec ts  

Radar fmct ion record (incluies signal 
strength DOD s i t e s )  

Radar operations log (data sheet - FPR) 
Radar operations log (data sheet - IBD) 

Radar operations log (data sheet - NASA) 
Final special  t ra jec tory  parameters 
( iner t ia l - f l igh t  path, heading, geo- 
centric la t . ,  etc. ) 

Final special  trajectory parameters 
( iner t ia l - f l igh t  path, heading, geo- 
centric l a t . ,  etc.  ) 

Sequential events derived from optics 

Final analysis of radar supFort 

35 mm from T-5 sec t 2  M V  

b t a  type 

4 cameras positioned T+5 CD 
t o  provide data fo r  
use in  analyzing ve- 
h ic le  posit ion t o  LO 

220.2 

I 2M*2 1 220.2 

220.5 
I 

220.5 

- 
1 

2 

3 

2 

3 

Presentation 

S t r ip  chart 

Sheets 

Sheets 

Sheets 

IBM printout 

Tape 

Sheet 

AFFPR Report 

Presentation 

Engineering sequential f ih data 

Requested 
de l i  very 
(a) 

T+6 CD 

T+1 CD 

T+6 CD 

T+6 CD 

T+3 CD 

T+3 h'D 

T+1 CD 

T+27 CD 

Reque s ted 
delivery 
(a) 

I I 
35 mm from T-5 sec t o  
loss of vehicle (LOV) 

35 mm reduction pr in t  fron 
T-5 sec t o  LCV 

35 mm from T-5 sec t o  LOV 

T+5 CD 

T+5 CD 

T+5 CD 

aKey : 
CD - Calendar h y  

bte/time 
received 

(a 1 

(b 1 
T+11 CD 

(b 1 
(b 1 

(b 

(b) 

T+8 CD 

(b 1 

DateJtime 
received 

(a 1 

T+8 CD 
(pa r t i a l  ) 

Tc8 CD 
(pa r t i a l  ) 

T+8 CD 
(pa r t i a l )  

T+6 CD 

T+8 CD 
(pa r t i a l  ) 

WD - Working Cay H - Hours 

bTsta requested but not received during the postlaunch reporting period. 

P 
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TABLE 7.4-1.- DATA AVAILABILITY - Continued 

7-29 

I 

PFiD 
Page 

220.6 

220.8 

220.8 

220,. 8 

220.9 

220.13 

220.13 

220.13 

220.13 

220.10 

220.10 

220.10 

'Key: 

00 
I t e  
no 

2 

- 
- 

1 

2 

3 

2 

2 

3 

4 

4 

1 

1 

1 

Data type 

35 mm from T-5 sec t o  
T+30 sec 

35 mm from T-5 sec t o  LQV 

35 nun from T-5 sec to  LOV 

35 mm from t-5 sec t o  LOV 

35 mm reduction pr int  froi 
r-5 sec t o  T+4 min 

16 m from T-30 sec t o  
r+5 sec 

16 mm from T-5 sec t o  
P+lO sec 

55 mm from T-5 sec t o  LQV 

16 mm from T-5 sec to  LoV 

'0 m from acquisition 
;o Lov 

15 mm from acquisition 
so Lov 

.6 mm frcm acquisition 
80 LOV 

Presentation 

1 camera t o  show 
vehicle motion for  
f i r s t  15 fee t  of 
f l igh t  

2 cameras i n  tandem 
sharing ent i re  vehi. 
c l e  and launcher 

2 cameras i n  tandem 
shoving en t i re  vehi- 
c l e  and launcher 

2 cameras i n  tandem 
shoving en t i re  vehi- 
c l e  and launcher 

1 camera alined on 
range f l igh t  azimutt 
t o  view fa l l ing  
objects 

2 view5 shoving 
spacecraft m b i l i c a l  
disconnect 

3 view5 of space- 
craf t  during l i f t -of  

2 view5 showing LES 
and CM 

2 view5 showing LES 
snd CM 

Copies from Vero 
Beach, Melbourne 
Beach 

s p i e s  from Vero 
Beach, Melbourne 
Beach, Grand Bahama 
Island, Cocoa Beach, 
3nd Patrick AFB 

:opy from Cocoa Bead 

CD - Calendar lay WD - Working Day 

Reques tec  
Selivery 
(a) 

T+5 CD 

T+5 0 

T+5 CD 

T+5 CD 

T+5 CD 

w 

T+5 

T+5 

T+5 

"+l CD 

T+5 CD 

T e  CD 

bCeta requested but not received during the postlaunch reporting period. 
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Date/time 
0 
received 

T+8 CD 

T& CD 

T+8 CD 

(b 1 

T+8 CD 

T+12 CD 

T+l2 CD 

(b 1 

(b 

T+1 CD 

T+l CD 

T+8 CD 

H - HOWS 
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~ 

Apollo mating ring, longitudinal nio-801 s3-05003 

Apollo mating ring, tangential  E l l -801  s3-05002 
Apollo mating ring, perpendicular EI2-801 s3-05001 I 

UNCLASSIFIED 

Angle of attack (pitch, coarse) D133 -900 
Angle of attack (pit,ch, f ine)  D134-900 

Angle of sidesl ip  (yaw, coarse) D135-900 
Angle of s idesl ip  (yaw, f ine )  D136-900 

m i c  pressure (coarse ) D137-900 
Dynamic pressure ( f ine )  D138-900 

TABLE 7. 4-IV. - LAUNCH-VEHICLE' DATA PROCESSED 
FOR MSC-HOUSTON AT EFC 

processed a t  MSFC were required between 7 and 12 calendar 
a f t e r  launch; dates of receipt are l i s t e d  i n  table  7.4-V 1 

P1-B1-17 

p i  -~1-18 
F6 -x-1g-08 

F6-x-19-09 
P1-331-20 

~6-x-19-10 

Measurement 

~011 (coarse) 

Roll (fine) 

Yaw (coarse) 

Yaw (fine) 

Pitch (coarse 

Pitch (fine) 

hunch-vehicle 

1124-802 F6-X-BU-08 

H40-802 n-17M-03 

II25-802 F6-X-BU-09 

H41-802 I?j -14M-02 
II26-802 F6-X-B12-10 

H42-802 F6-14M-m 

Pitch F42-802 

Yaw F43-802 
Roll F44-8O2 

F6-08 
~ 6 - 0 5  

F6-04 
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4 

1.2-74 1.2232- -7 @ I 

1 1.2-75 @ ' 1.2-85 1 
0 j 1.2-76 @ ' 1 . 2 - 8 6  1 I 

._ . 

At1 antic Ocean 

Figure 7.4-1.- Engineering sequential tracking camera locations for Apollo mission A - 1 0 2 .  
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North 

Tower Complex 37 B 

8 Figure 7.4-2.- Engineering sequential fixed camera locations for Apollo mission A-102. 

U N CLASS I F I  ED 



7-38 

- 
No. 2 

B-10 
B-11 

B-12 

B-14 
B-16 

UNCLASSIFIED 

No. 3 

C-6 
C-? 

C-8 
c-10 

c-11 
c-12 

C-14 
c-16 

7.5 Telemetry Tape Selec t ion  and Ver i f i ca t ion  I 

P r i o r  t o  t h e  Apollo rr.ission A - 1 0 2 ,  a procedure was es tab l i shed  t o  
assure  t h a t  t he  best of t he  launch-si te  te lemet ry  tapes  would be se lec ted  
f o r  processing t h e  launch-phase telemetry da ta .  
four launch-site ground s t .a t ions were obtained f o r  the  se l ec t ion  process. 
They were from t h e  Hangar S s t a t i o n ,  Telemetry Building no. 2 (Tel 2 ) ,  
Telemetry Building no. 3 ( T e l  3 ) ,  and the  Mission Control Center (MCC). 

T3lemetry t apes  from 

A s  soon as poss ib le  a f t e r  loss  ot' s igna l ,  copies  of the  Hangar S 
tape were made a t  the  Hangar S playback s t a t i o n ,  tape copies of the  
Tel 2 and Tzl 3 t apes  were made a t  t h e  Tel  2 s t a t i o n  and taken a t  once 
t o  t h e  Hangar S playback s t a t i o n ,  and the  o r i g i n a l  MCC tape w a s  taken 
t o  the.Hangar S playback s t a t i o n .  
c a r r i e r s  were made from each of these tapes  w i t h  t h e  i d e n t i z a l  format, 
galvonmneter de f l ec t ion ,  galvonometer frequency response, and discrim- 
inator low-pass o u t p u t  filters. The IRIG standard filters and galvan- 
ometers were used. The format for the three  osc i l lograph  recordings 
w a s  as follows: 

Three osci l lographs of s e l ec t ed  sub- 

No. 1 

A- 6 
A-10 

A-11 

A-12 
A- 13 
A-14 
A-15 
A-16 

The osci l lographs made from t h e  Hangar S t ape  copies were compared 
with the near real- t ime osci l lographs made from t h e  Hangar S o r i g i n a l  
tane t o  v e r i f y  these  tape copies. 

The osci l lographs mad.e from t h e  Hangar S, T?l 2, and E l  3 tape 
copies and from the  MCC o r i g i n a l  tape  w e r e  examined by a committee 
cons is t ing  of representatives from MSC-Florida Operations and MSC- 
Houston f o r  ove ra l l  s i g n a l  qua l i t y ,  dropouts, noise  content,  and pos- 
s i b l e  sp ikes  of the  type exhibi ted i n  t h e  BP-13 da ta  ( ref .  10).  
committee judged the  Hangar S and Tel 3 tape copies  and the  MCC o r ig ina l  
tape t o  be adequate f o r  the da t a  reduct ion process. 

The 

4 

4 
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The o r i g i n a l  MCC tape was  s e l ec t ed  from these th ree  f o r  da ta  pro- 
cessing for t h j s  mission. The MCC tape covered a maximum time of recep- 
t i o n  a f t e r  lift-off, and the  100-pps t iming s igna l  on a separa te  t r a c k  
w a s ,  a t  once, compatible with t h e  processing equipment a t  MSC-Houston. 
The Tel  2 tape was t he  least preferred because of a ?-second dropout 
which occurred approxim9tely 20 seconds before  s taging.  The committee's 
f i n a l  judgment of the f o u r  tapes  i n  order  of preference was (1) Hangar S, 
(2 )  MCC, (3) Tz1 3, and ( 4 )  T e l  2. 
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TABLE 8.2-1.- OPERATIONAL TEST PROCEDURES FOR APGLLO SP-15 

SPACECRAFT AT CONTRACTOR'S MANUFACTURING FACILITY 

OTP 

U N CLASS I F I ED 

P-3022 
P- 3018 
P-8019 
P-1040 
P- 9019 
P-3036 

P-3033 
P-3000 
P-10002 
P-1008 
P-E169 
P-8169 

P-1095 p-1094 
P-3015 
P-3071 
P-3013 
P-8077 
P- 0003 
P-5000 
P-3014 
P-3072 
P-3015 

T i t l e  

LES hor izonta l  weight and balance 

Forwayd heat-shield i m t a l l a t i o n  

Beacon systems check-out 

U S  check-out 

GEE in tegra ted  check-out 

CM v e r t i c a l  weight and balance 

CM hor izonta l  weight and bahmce 

ECS f i l l  and check-out 

Test configurat ion check l i s t  

E l e c t r i c a l  power systems check-out 

Telemetry and instrumentation check-out 

(Recycle ) 

Battery se FV i c  ing  

Adapter and SM stack and a l i n e  
CM stack and a l i n e  

LES etack and a l i n e  

Omnibeacon system check-out 

In tegra ted  systems 'test 

ECS d ra in  and purge 

Demate LES 

Demate CM 

Demate SM 

8-11 

Dace performed 
(1964) 

Mar. 12 and 13 
Apr. 7 t o  13 
Apr. 23 t o  24 

May 1L t o  18 
Apr. 21 t o  24 
Apr. 20 t o  22 

Apr. 22 and 23 

May 7 t o  May 22 

Apr. 23 t o  May 19 
Apr. 27 t o  30 
hpr.  30 t o  May 5 
May 8 t o  1 4  

Apr. 29 t o  May 28 

May 11 t o  13 
May 1-3 
Mzy 14 and 15 
Apr. 23 and 24 
yay 18 t o  25 

26 

MELY 28 

YAY 29 

May 27 and 28 
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TABLE 8.2-11,- OPERATIONAL TEST PROCEDURES FOR A P O U O  BP-15 

SPACECRAFT AT FLORIDA OPEXATIONS 

OTP 

C-0004 

c-0005 

c-0006 

c-0007 

c-0009 

c-0021 

C-0028 

c-0031 

(2-0033 

c-1012 

C-3044 

C-3045 

c-3063 

c-3065 

Title 
-~ ~ 

Electrical interface checks 

Integrated systems check-out with 
launch-vehicle simulator 

Spacecraft-launch-vehicle overall 
test no. 1 (plugs in) 

Spacecraft-launch-vehicle countdown 

Spacecraft-launch-vehicle RFI test 

Spacecraft-launch-vehicle overall 
test no, 2 with ordnance in and 
plugs out using swing arms 

Spacecraft-launch-vehicle simulated 
flight test 

Launch-vehicle sequencer malfunction - 
spacecraft monitor test 

Spacecraft-launch-vehicle countdown 
demonstration 

Battery charge, discharge, all batteries 

U S  total weight and center-of-gravity 
determination 

Buildup and assembly of LES 

Spacecraft off-loading, transportation to 
Hangar AF, and preparation for receiving 
inspection 

Transportation of spacecraft to launch 
complex and mating of  spacecraft to 
launch vehicle 

Date performed 
(1964 

August 7 

July 9 

Aug- 19 

Sept. 17 and 18 

Aug. 24 

Aw. 29 

Sept. 3 

Aug.  I 2  

Sept. 14 and 15 

Sept. 16 

May 21 

July 1 to Aug. 3 

June 8 to 15 

June 26 
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TABLE 8.2-11. - OPERATIONAL TEST PROCEDURE FOR APOLLO BP-15 

OTP 

C-3069 

C - 3 0 7 1  

C - 3 0 7 5  

C-3075A 

c-3080 

C-3081 

C-3084 

C-4058 

c-4065 

C-4066 

c-4067 

C-5024 

SPACECRAFT AT FLORIDA OPERATIONS - Continued 

T i t l e  

Mate CM and 94 assembly t o  i n s e r t -  
adapter  assembly 

Mate CM t o  SM 

Transportat ion of LES t o  launch compler 
and mating of LES t o  CM 

Transportat ion of LE3 t o  launch compler 
and mating of LES t o  CM ( recyc le)  

F i t  check of spacecraf t  adapter  and 
instrument un i t  

Air-conditioning barrier 
i n s t a l l a t i o n  

Receiving inspect ion check l i s t  

Pyrotechnic receiving and inspect ion,  
handling, and p r e i n s t a l l a t i o n  check-out 
procedure 

Launch-escape motor receiving and pre- 
i n s t a l l a t i o n  inspection, s torage,  and 
handling, including g ra in  inspect ion 

P i tch-cont ro l  motor rece iv ing  and 
p r e i n s t a l l a t i o n  inspection, s torage,  
and handling 

J e t t i s o n  motor receiving and pre- 
i n s t a l l a t i o n  inspection, s torage,  and 
handling 

ECS serv ice  

8-13 

Date performed 
(1964 ) 

June 25 

Ju ly  8 

Aug. 4 

Aug. 18 

June 9 

June 25 

June 15 

July 9 
A%. 7 
Aug. 26 
Sept. 11 

July 24, 25,and 30 
I 

June 15 

June 12 c June 15 
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TABU 8.2-11.- OPERATIONAL TEST PROCEDURE FOR APOLLO BP-15 

SPACECWT AT FLORIDA OPEEUTIONS - Concluded 

OTP 

c-8112 

C-8114A 

c- 8115 

c-8131 

c-8132 

c- 9002 

c-go36 

C- 9037 

c-1oool.A 

T i t l e  

Instrument system PIA procedures 

Antenna (VSwIi, t e s t )  

RF systems PIA procedure 

Telemetry systems test  

Power and sequent ia l  PLA procedure 
(tower sequencer) 

Funct ional  v e r i f i c a t i o n  of A14-001 
launch-escape tower s u b s t i t u t e  un i t  

W a  te  r -g ly c ol mi t c he c k- out 

Ground equipment Ver i f i ca t ion  and GSE 
in t eg ra t ed  umbil ical  check-out 

Pad c h e c k l i s t  

~~ ~ 

Date performed 
( 1964 ) 

Continuing 

June 29 

Continuing 

July 1 and 2 

J u l y  23 

and 31 
Sept. 2, and 10 

June 9 

AX. io ,  21, 30, 

June 23 

June 15 

a Performed i n  support of all launch-vehicle-spacecraft 
in tegra ted  tests. 
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9.0 APPENDIX c 

9.1 C-Band Beacon Anomaly 

9-1 

Seven t r ack ing  network radar  s t a t i o n s  reported seeing two beacons 
during t h e  BP-15 spacec ra f t ' s  f i r s t  o r b i t a l  pass over t h e i r  s t a t ions .  
Antigua I s l and  and Ascension Is land  reported de tec t ing  t h e  two beacons 
on t h e  spacec ra f t ' s  second o r b i t a l  pass. This two-beacon response was 
not  reported on previous Saturn launches; consequently, t h e  r epor t  w a s  
unexpected and r e s u l t e d  i n  some operator  confusion during t racking  
ope rat  ions. 

In  a l l  cases,  t h e  s t a t i o n s  de tec t ing  t h e  two beacons t racked on 
t h e  beacon I t  . . . f a r t h e s t  out i n  range." However, i f  t h e  operator  
had e l ec t ed  t o  t r a c k  t h e  "closest"  beacon, t racking  e r r o r s  of 500 yards 
would have been introduced on the  f i r s t  two o r b i t a l  passes. 

The instrument u n i t  ( I U )  beacon transponder w a s  connected t o  t h e  
s h o r t - l i f e  b a t t e r y  bus ( length  of operation - approximately 40 minutes) 
on previous Saturn launches, with t h e  r e s u l t  t h a t  t h e  transponder went 
inopera t ive  p r i o r  t o  t h e  f irst  o r b i t a l  pass over Ascension Island. On 
SA-7, t h e  I U  beacon was connected t o  the  long- l i f e  b a t t e r y  bus which 
r e su l t ed  i n  a probable operation of approximately 110 minutes. 

For t r ack ing  purposes, t h e  BP-15/SA-7 space vehic le  u t i l i z e d  two 
C-band beacon transponders: one i n  t h e  I U ,  and t h e  o ther  i n  t h e  space- 
c r a f t  operat ing on adjacent  frequencies ( less t h a n  1 mc d i f fe rence) .  
Two separa te  redundant beacons operat ing on t h e  same spacecraf t  f r e -  
quency w e r e  installed within the command.module. The beacons were 
interrogated by ground-tracking radars u t i l i z i n g  a double pulse  inter-  
x g a t i o n  system as shown i n  the  following diagram. 

Pulse w i d t h  = 1 psec- 

1 1  
- determined by PRF -- 

j ( 4  
I (1538 Ksec o r  g rea t e r )  
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Pulse ( a )  t r i g g e r s  t h e  I U  beacon which r e tu rns  response pulse  ( A )  
2s shown below. Pulses (a )  and (b)  t r i g g e r  t h e  spacecraf t  transponder 
xhich re turns  response pulse  (B). Although t h e  I U  and spacecraf t  t r a n s -  
ponders operate  a t  s l i g h t l y  d i f f e r e n t  f requencies ,  both are w i t h i n  t h e  
ground radar bandwidth. The 3.5-u,sec delay appears t o  t h e  operator  as 
t,wo t a r g e t s  500 y w d s  apar t .  

T-b le  9.1-1 i s  a summary of selected radar reports, w i t h  Ascension 
I s land  being t h e  l as t  s t a t i o n  t o  see the two beacons a t  l : l 7 :  56 e. s. t. 
Subtract ing the  l i f t - o f f  t i m e  of ll:22:43 e. s. t. from t h e  Ascension 
time.shows that t h e  beacon became inopera'ble sometime a f t e r  115 minutes 
a f t e r  l i f t - o f f .  This  time compares favorably with the  MSFC prel iminary 
es t imate  for operat ion of approximately 133 minutes. 

The transponder t r i g g e r  rate was te lemetered t o  ground s t a t i o n s  
and i s  shown i n  f i g u r e  9.1-1. 
frequency (PRF) rates d x i n g  t h e  periods of beacon in te r roga t ion .  
r e l a t i o n  of these  data ind ica t e  proper operat ion of  t h e  transponder. 

Also shown are t h e  radar pulse  r e p e t i t i o n  
Cor- 

No add i t iona l  i nves t iga t ion  o f  t h i s  anonaly i s  plmned. 
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I 1  Skin track 
11111111111 Pulse repetit ion frequency (160) 

Pulse repetit ion frequency (80) 

Q 320 r . I 

I I  I t  
I 1  I I  

I I I  
I I I  
I I I  
I I 1  
I I I  L 

I 
I 
I 
I 
I 
I 

i 
I 
I 
I 
I 
I 
I 
I 

1 L 
Time from l i f t-off ,  rnin 

Figure 9.1-1.- B P - 1 5  spacecraft transponder interrogation and response. 
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9.2 Loss of Temperature Measurement ~ ~ 5 8 7 7 ~  

9- 5 

Temperature data from thermocouple SR5877T f a i l e d  t o  ind ica t e  any 
change during t h e  BP-15 spacecraf t  mission. 
cated 1 inch from the  r i m  of t h e  nozzle on the  pos i t i ve  p i t c h  engine on 
the  instrumented RCS quad ( f ig s .  4.8-7 t o  4.8-9). The temperature 
measurement ind ica ted  an output reading of approximately 4 percent of 
f u l l  sca le ,  equivalent  t o  104' F, and r e m i n e d  constant  during count- 
down and f l i g h t .  
not  agree wi th  t h e  expected environment ind ica ted  by o the r  r e l a t e d  
thermocouple measurements on the  RCS quad during f l i g h t .  

The thermocouple was 10- 

This value could be poss ib le  during countdown but  d i d  

Data from t h e  thermocouple w a s  h ighly  des i r ab le  because the  temper- 
ature of  t h i s  particular area was predicted t o  exceed a l l  o the r  temper- 
ature measurements on the  RCS quad. Also, temperature data from t h i s  
area could have been used i n  the  inves t iga t ion  of tne loss  of data from 
calor imeter  no. 13 l oca t ed  immediately below t h i s  nozzle ( f i g .  4.11-2). 

The instrumented RCS quad w a s  i n s t a l l e d  on t h e  se rv ice  module on 
the  launch pad on June 29, 1964. A te lemetry t e s t  was performed on 
July 2, 1964, during which a l l  thermocouples were thermally exc i ted  
and tested using a heat  gun. All t he  RCS instrumentation functioned 
s a t i s f a c t o r i l y  a t  t h e  time. The same measurement w a s  e l e c t r i c a l l y  
ca l ib ra t ed  2 minutes before  launch and d i d  not i nd ica t e  any anomaly a t  
t h e  t i m e .  

Analysis of f l i g h t  data d i d  not  ind ica te  any so lu t ion  t o  t h i s  
anomaly. The results of add i t iona l  s tud ie s  w i l l  be reported when avail- 
able.  
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9.3 Loss of Heat Flux Data from 
Calorimeter 13 (SA0353R) 

Heat flux data  from calor imeter  13 (SA0553R) was questionable and 
hed t o  be disregarded. 
nozzle of the  p o s i t i v e  p i t c h  engine of the  instrumented RCS quad 
( f i g .  4.11-2). The calor imeter  gave normal response when thermally 
exc i ted  by a hea t  gun during t h e  simulated f l i g h t  t e s t  a t  T-15 days and 
again responded norrrally during e l e c t r i c a l  c a l i b r a t i o n  a t  approximately 
T-2 minutes. The calor imeter  did respond t o  exc i t a t ion  a t  l i f t - o f f .  
It f a i l e d ,  however, t o  respond a t  the w i n  heat  pulse  during ascent ,  
whereas the  body temperature measurement SA0563T loca ted  in s ide  t h e  . 

same calor imeter  increased t o  a l e v e l  above t h a t  of t he  o ther  c a l o r i -  
meter body temperatures. This indicated t h a t  an  unmeasured heat  f lux 
was present  i n  t h i s  p a r t i c u l a r  a r ea  of t he  serv ice  module. 
deta d i d  not g ive  any information with respect  t o  t h e  t i m e  o r  t he  cause 
of the failure. 

The calor imeter  w a s  loca ted  on the  SM under t h e  

The f l i g h t  

The data from t h i s  calor imeter  were h ighly  desirable because t h i s  
a rea  w a s  predicted t o  have the highest  hea t ing  r a t e  on the  se rv ice  
module. 
spacecraf t  a l s o  f a i l ed .  
f ac to ry  data  on t h e  BP-13 spacecraf t  f l i g h t ,  bu t  performed s a t i s f a c t o r i l y  
on t h e  BP-15 spacecraf t  f l i g h t .  

The same type of calor imeter  i n  t he  same loca t ion  on t h e  BP-13 
Two o the r  calor imeters  fa i led t o  produce satis- 

Calorimeters of two d i f f e r e n t  ranges were used i n  both f l i g h t s .  
2 The 0 t o  25 Btu/ f t  /see c a l o r i n e t e r s  l oca t ed  on t h e  c o m n d  module per- 

fxmed  s a t i s f a c t o r i l y  i n  both f l i g h t s .  
meters, loca ted  on the  SM, d i f f e red  from the  calor imeter  loca ted  on 
the CM i n  s ize .  The diaphragm of the  CM calor imeter  w a s  3.5 m i l s  t h i c k  
x i t h  0.170 inch unsupported diameter and that of t h e  SM calor imeter  was 
2.5 mils t h i ck  wi th  0.250 inch unsupported diameter ( f ig .  9- 3-1). 

The 0 t o  5 Btu/f t2/sec c a l o r i -  

A s  a r e s u l t  of t he  f a i l u r e s  during the  BP-13 spacecraf t  f l i g h t ,  
PGC-lESD performed add i t iona l  environmental t e s t s  on the  smaller  range 
calor imeter  p r i o r  t o  the  BP-15 spacecraf t  f l i g h t .  
which the  calor imeter  specimens were subjected were based on the  BP-13 
spacecraf t  launch environment. The time durat ion during acous t ic  noise  
t e s t ,  however, exceeded the  launch environment. None of t h e  environ- 
mental t e s t  condi t ions were imposed simultaneously. The following a r e  
the  environmental conditi,ons t o  which the  calor imeter  w a s  subjected: 

The t e s t  l e v e l s  under 

UN CLASS I F l  ED 
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a. 

b. Vibration 

Humidity - 100 percent a t  90' F t o  150" F f o r  18 hours 

(1) P a r a l l e l  t o  t he  diaphragm 

0.32-inch D. A. D. 

lOOg peak-to-peak 

120g peak-to-peak 

i o  t o  60 CPS 

60 t o  1,000 CPS 

1,000 t o  2,020 cps 

lOOg peak-to-peak 300 cps for 15 seconds 

( 2 )  Perpendicular t o  the  diaphragm 

0.32-inch D. A. D. io t o  60 CPS 

120g peak-to-peak 60 t o  2,020 cPs 

120g peak-to-peak 300 cps for 15 seconds 

Vibration cycle time i n  each d i r ec t ion  was approximately 
5 minutes and 15 seconds 

e. Acoustic noise  levels 

Frequency Level Time 

60 t o  2,400 cps 152 db 15 seconds 

60 t o  2,400 cps . 159 db 30 seconds 

60 t o  4,300 cps i66 db 3 minutes 

6 db/octave roll-off on high s ide  

d. Thermal shock was accomplished by a l t e r n a t e l y  heat ing t o  f u l l  

2 output of sensor then cooling with CO spray. 

The calor imeters  passed a l l  t es t s  and a malfunction could not be 
dupl icated i n  the  laboratory.  

The acous t ic  noise  l eve l  tests were performed a t  Space and Informa- 
See reference 11 t i o n  Systems Division of North American Aviation, Inc.  

for the  t es t  descr ip t ion  and r e s u l t s .  
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11. Staff of  Apollo Instrumentation 'kst and Checkout Unit: Acoustical 

Tzsts on Hy-Ca1 Calorimeters (NASA type 2.2.1.1.2,  0 t o  5 Btu/ft2-sec).  
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